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INTRODUCTION

This report covers work carried out under Edgewood Arsenal Contract

DMAl5-74-C-0221 in the Advanced Development Phase of a non-hazardous ring

airfoil grenade (RAG) projectile. The feasibility of the RAG projectile

was proven by Edgewood Arsenal 1 and carried through the Experimental

I Development phase by Remington Arms Company, Incorporated. 2

The Ring Airfoil Grenade (RAG) shape has aerodynamic properties which

provide a relatively stable low trajectory flight. When made of a soft

material and filled with a riot control agent, it is capable of providing

a long-range delivery method that is kinetically non-hazardous. This

report describes the work which was carried out at Remington Arms Company,

j Inc., from May 15, 1974 to February 28, 1975, to develop prototype produc-

tion equipment.

J Prior to this Advanced Development effort, all previous Soft RAG pro-

jectiles were made on hand-operated equipment with the fabrication param-

eters being monitored and recorded so the transition to semi-autamatic

J equipment could be done readily.

In the initial contract 3 , only fluidized talcum powder was used as a

j payload simulant. This contract required that the feasibility of fabri-

cating projectiles with the actual riot control agent, CS-2, be established.

1 Donald N. Olson, "A Kinetically Non-Hazardous Ring Airfoil Projectile for
Delivering Riot Control Agent," EATM4-2200-6, August 1972.

2 Kenneth W. Misevich, "Design Study for Soft RAG Projectile," Remington Arms
Company, Incorporatcd, (AD 74-3), Bridgeport, Connecticut. (Work was sup-
ported and monitored by the U.S. Army, Edgewood Arsenal, Maryland, under
Contract No. DAAAl5-73-C-0047.)

3 Ibid.
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Facilities were constructed and safe operating procedures were determined

to do this.

In this report the basic specifications of the projectile are con-

sidered first and then the machinery and processes to produce it. Discussion

of the machinery is separated according to the three projectile components:

1) the rubber body, 2) the payload package, and 3) the breakband. The

history of the XO-742 RAG production is traced through the contract with

special emphasis placed on the fabrication of CS-2 loaded projectiles.

Finally, a summary of various firing tests and special breakband investi-

gations are considered.

, Somewhat independent of the main activity of the contract are the

development of a loading clip and extensive tests conducted by Edgewood

Arsenal during this period of time. Work done on the loading clip is

presented in the Appendix.

S... ... lllll m Im mvlnl l llllll~lmlumwu.• m~ll4.
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I
OBJECTIVESI

The purpose of this contract was to refine the design of the Soft RAG

Projectile, Design SRP #3 (now designated XM-742), and to develop prototype

production equipment to produce the canplete projectiles.

Throughout this contract the Soft RAG projectile program was directed

toward these goals:

* The projectile payload seal and performance function must be

maintained

- after normal handling and shipping and at least five

foot free drop

- over the temperature range of 20°F to 130OF

- at launching velocities of up to 250 ft./sec. and spin

rates of 6000 rpm

e The projectile must maintain its designated aerodynamic shape

and center of gravity so as to

- hit an individual at 40 meters and a small group at 60 meters

at least 80 percent of the time

- disseminate at least 95 percent of the payload (Agent CS-2)

upon direct and grazing impact on both hard and soft targets

and cause no injury to the target personnel (no fuzing

mechanism is allowed)

& The projectile materials must be compatible with Agent CS-2 for long

term storage of five years from -30OF to 130 0 F and 5 percent to 90

percent R.H., and they must be non-hazardous to the target personnel.

SI -•mmm i lm~m i m im mlmmm•ml~ilmmi i N
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e The overall production including body fabrication, assembly,

filling, sealing, and packaging must be economically acceptable.

I
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The SRP #3 Soft RAG of the previous experimental development program

was optimized until acceptable to Edgewood Arsenal. Body configuration and

breakband variations effected major improvements in producibility and soft

target dissemination. Prototype production machinery was designed, fab-

ricated, and studied while being used to make over 1300 projectiles for

contract delivery, including almost 500 loaded with the CS-2 riot agent.

While material properties testing was carried out for process and perfor-

mance variation, much of the desired firing test program could not be

satisfactorily completed. Since the system launcher was being concur-

j rently developed, tests were conducted under constantly changing con-

ditions and the testing schedule was not completed as a final design

j launcher was not provided.

The XM-742 projectile body was greatly altered frcm the SRP #3 de-

sign. Part of the outer diameter aerodynamic profile was changed to a

j flat chord to enhance producibility and the rubber material was densified

with powdered brass to increase the weight and range. The payload package

remained essentially the same except to accommodate the flattened body

profile. The breakband was modified by a change in wrap rate and improve-

I ment of the quality through small process variations. Conformity and in-

tegrity were improved while maintaining the combination of suppleness with

low ultimate strain, 1-1/2 - 2 percent, found necessary for good soft target

dissemination.

XM-742 projectile bodies were molded in the same transfer press used

for the SRP #3. The revised configuration was first incorporated into a
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I steel mold for initial production, but within four months the synthetic

I molds described in the proposed process were in operation. Production of

large numbers of Soft RAG projectile bodies produced with these epoxy molds

showed the feasibility of the multiple mold concept.

The payload package and banding machines were designed, fabricated, and

in initial operation two months after the start of the contract. This al-

lowed the final configuration for the XM-742 projectile to be established

very early in the program for launcher/projectile coordination. It also

permitted long-term evaluation of their operating characteristics to be

initiated on schedule.

The package machine combined the proven laboratory fabrication tech-

I niques into a continuous, controllable process which is now capable of making

over 100 packages per hour.

J The banding operation was semi-autcnated from the hand operation already

established. A single wrap of folded 1/4 inch wide tissue is made over a

Iproduction batch of six projectiles. wrap rate and speed controls alla~dd

the breakband quality to be markedly improved. Other than wrap rate varia-

tion, the drying and crosslinking post-operations were the most important

I areas of investigation. These procedures along with the addition of cross-

linking catalyst permitted the successful reduction of the ultimate strain

I while maintaining consistent tensile strengths.

j The successful culmination of the production machine development phase

was reached when projectiles were made with the actual CS-2 riot agent.

3 Although there were a lot of practical problems uncovered, the feasibility

of the total production scheme was effectively shown.I



-7-

PATENT STATEMENT

I
Under the earlier Experimental Development Phase of thiz work, improve-

ments were made in the design of the projectile, in a new captive piston

sabot launcher, and in a new clip concept to facilitate loading the projectile

into the launcher. These developments were reported to the Government on

Form DD-882 on April 15, 1974, and Application Serial No. 504,971 entitled

"Pay Load Carrying Tubular Projectile" was filed on September 11, 1974, and

Application Serial No. 504,972 entitled "Loading Device for a Tubular

Projectile" was also filed on September 11, 1974. Confirmatory Licenses for

I both of these applications were forwarded to the Government on October 22, 1974.

Remington elected not to file a patent application on the launcher improve-

ments as noted on the Form DD-882 report and apparently the Government has

no further interest in that improvement.

Under the present contract there were some refinements made in certain

design parameters of '- payload carrying portion of the tubular projectile

but none which appear to be patentably distinct from the projectile

disclosed and claimed in Application Serial No. 504,971 or in the prior

applications resulting from earlier work at Edgewood Arsenal by Abraham Flatau,

Donald N. Olson and Miles C. Miller. The Government has royalty-free license

rights under these inventions.

Under the present contract a fair amount of work was done in developing

methods for molding the rubber-like projectile body, but it is believed that

this work consisted mainly in the adaptation of known molding techniques

to this particular problem, and it is believed that no patentable inventions

were made.
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l
Similarly, work was done in mechanization of the payload packaging

i

concept developed under the previous contract where the payload packages

were fabricated one at a time. This work is believed to have simply brought

together into one compact continuously operating machine an aggregation of

known and previously used techniques and as such does not appear to involve

patentable inventions. Further, it may be noted that this machine requires

further refinements before satisfactory continuous operation is achieved.

The prototype banding machine was a simple extension of proven laboratory

techniques developed for applying the breakbands during the previous contract

and again does not appear to have involved patentable invention.

I
I

I
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EXPERIMENTAL DETAILS

Since th3 contract Scope of Work required the Soft RAG projectile

project to provide projectiles to meet the tight schedule of the launcher

development, the initial activity had to concentrate on achieving workable

production machinery in the shortest possible time. A program schedule

for the XM-742 was formulated, as shown in Figure 1, to have machinery ready

just two months after the inception of the contract.

A knowledge of the design, functioning and fabrication of the previous

SRP #3 shown in Figure 2 permitted the program to be pursued with great

confidence.

Basic Specifications

The SRP #3 Soft RAG projectile evolved from many design configurations

to a projectile which functions as desired except for reliable dissemination

against soft targets. Its components - rubber body, payload package and

breakband - all were developed using materials generally available with

production feasibility being demonstrated on a laboratory scale. one purpose

of the contract was to refine the design of the SRP #3 RAG projectile

in order to conclude this contractual effort with firm design specifications

for the XM-742 projectile.

The first step in this program was a cGomplete review of the SRP #3

design at Edgewood Arsenal on May 7, 1974. The basic elements of the design

were accepted, but two modifications were immediately recommended: 1) deepen-

ing of the payload cavities to allow a greater agent-carrying capacity, and

2) elimination of the fiberglass insert in the body tail portion and extending

the breakband further back toward the tail.

L. . . • mw m•m-=. , w-"•
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I
It was also understood that the total body weight might have to be

5 modified to achieve ballistic commonality with the Sting RAG projectile

(XM-743). In addition, it was recognized that the quality of the package

might need improvement and the breakband wrapping adjusted to enhance

dissemination against soft targets while maintaining launching and flight

integrity.

Figure 2 shows how the walls separating the payload cavities conform

to the outer diameter shape of the ring airfoil grenade as specified by

Edgewood Arsenal. Initial study of production improvements pointed to this

shape for the walls as a very troublesome aspect of both the body mold

fabrication and the payload package vacuum dies because the compound curvature

I is extremely difficult to machine. In fact, the proposed method of

replicating the body molds with synthetic materials would be greatly

complicated.

j A request was made to Edgewood Arsenal proposing that the diameter

profile of the projectile body over the payload cavities be changed to a

I flat chord and that the overall radial dimensions of the body be increased

by 0.040 inch so that the finished RAG projectile maximum diameter would

be maintained. The advantages for production far outweighed the only

J detrimental functional effect of slightly increasing the aerodynamic drag.

The request was approved.

I A. Design criteria

The testing and fabrication experience with the SRP #3 indicated that

only minor design adjustments would be needed during the course of this work.

J The important criteria that had to be followed can be stated quite simply:



Body

- The overall shape has to provide the correct aerodynamics.

- The size and shape of the payload cavities might be changed

but must easily accept the final package.

- The ballistic weight of the body can be adjusted by densification

only if the general processibility and performance are satisfactory.

Package

- The design of the container and cover are strictly dependent

on the body cavities into which they are placed.

- The vacuum-formed plastic body must be compatible with the

Agent CS-2 and beleak-free.

- The package cover must seal the cavities and yet break open

whenever the breakband breaks off during impact including

grazing.

Breakband

- The materials and process for the breakband had been carefully

selected to provide strength and suppleness with low ultimate

breaking strain over the required environmental conditions.

Since the breakband is applied as a 1/8-inch wide band, the major

design variable is the wrap rate over the length of the projectile.

B. Materials

The materials for the construction of the three SRP #3 projectile

components had been selected on the basis of performance, processibility and

economic availability. The materials selected are described below:
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Body - Du Pont's Nordel® elastaner, an oil extended EPDM rubber

formulation, was chosen above many other materials because of its ap-

parent compatibility with the Agent CS-2, good physical properties,

J processibility, and availability. In this contract a brass filler

was added to the Nordel@D elastcmer to increase specific gravity, and

thus, ballistic range. In addition, the brass filler enhanced thermal

conductivity which reduced the curing time.

Package - The package body film was selected because of its

compatibility with the CS-2 agent and cost. For these reasons, a

5 or 6 mil black polyethylene film was chosen.

Thin aluminum foil was selected as the cover material for the

package because of its effectiveness as a seal and of its ability to

break readily on impact.

An attempt was made to provide the grey color code for the RAG

projectile body as requested by Edgewood Arsenal by coloring the

Nordel® elastomer. This approach was terminated since the grey for-

mulations reduced the moldability properties. If ultimately required,

the grey color could be applied by painting.

Breakband - Cellulosic tissue wrapped with a water-based binder

around the projectile body at various wrap rates per unit length was the

optimum material found for this purpose. The tissue selected was Aldex

17 supplied by the Gould Paper Company. The minimum width which could

be provided on large rolls was 1/4 inch. The tissue impregnated sub-

sequently with an ethylene vinyl acetate binder, Du Pont ElvaccfD 1968

comionly used in the textile industry, made it possible for the break-

band to successfully pass environmental and performance tests.

NordelQ elastomer is a trademark of the Du Pont Company for a particular
elastomer. Elvac'ý" resin is a trademark of the Du I Pont Company for a
particular resin.
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I
"C. Payload

All preliminary developmental work on the RAG projectile had employed

T
a fluidized talcum powder simulant, not as dispersible as CS-2, but satis-

factory for observing the payload dissemination characteristics of the

projectile. (In this program its use was continued for projectile development

work, packaging variations, and package fabrication as required

for testing and evaluation to prove the validity of the Soft RAG concept.)

CS-2 is a non-toxic powder but is a very powerful irritant. For this

reason a special facility had to be developed to handle the packaging,

assembly, banding and final curing of the projectiles. A laboratory with

a satisfactory fume hood/scrubber was selected. A safe operating procedure

was agreed upon by Edgewood Arsenal and Remington Arms Company safety

personnel. The production machinery was designed to be portable and

amenable to installation in the special area for the short duration of the

CS-2 loading.

The Projectile Body

When rubber was first used as a body material for the RAG projectile,

carbon steel compression molds were used. Rubber billets had to be carefully

formed and set into the mold. This was adequate for simple designs. However,

the SRP #3 design with the payload cavities and walls could not be molded

in this way. A transfer press was therefore acquired and a new .mold

set built. The SRP #3 was molded at a rate of less than 10 per hour, clearly

unsatisfactory for the much larger numbers of Soft RAG's which had to be

produced.

Since there was some probability that the body design would change during

the course of the contract, the cost of multiple injection molds of the
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complexity required was prohibitively expensiveand totally inflexible to

design changes considering the time and money that was contracted for

this program. Therefore, a production concept was developed which

employed as its basis a single transfer station with multiple synthetic

T molds introduced singly for filling and then held closed separately to

-. achieve whatever production rates were required.

A preliminary stainless steel mold had to be made immediately so that

initial test requirements could be met until the synthetic molds were developed.

As already mentioned, the outer diameter of the projectile was flattened

to a chord over the payload cavities, the recess to accommodate the breakband

was eliminated, and the overall radial dimensions increased by 0.040 inch

to keep the same outer diameter. The XM-742 projectile representing these

changes is shown in Figure 3.

The XM-742 preliminary steel mold was composed of three major parts:

1) the nose cavity which contained the inner diameter annular entrance gate,

2) the tail cavity, and 3) the payload cavity ring. The press on opening

separated the nose and tail portiona leaving the molded body to be stripped

from the removable ring mold. Only a relatively small number of bodies were

molded with the steel mold to check the feasibility of the projectile

redesign, and provide initial test projectiles.

The steel mold was mounted directly in the transfer press and had to

remain empty for almost half of the six-minute molding cycle (3-1/2 minute

clamp, 2-1/2 minute strip and load). The synthetic molds, on the other hand,

were removed from the press as soon as the rubber was transferred in and

was firm enough for handling. The cycle time for three molds was about two

and one-half minutes.
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I
A. Mold and Mold Material Requirements

In order to effectively transfer the rubber into a 350*F mold,

plunger pressure of about 1200 to 1800 psi is required. This, in tuzn,

necessitated approximately 5 tons clamping force to keep the mold closed.

The synthetic molds initially had difficulty in withstanding these conditions.

This problem was overcome by reinforcing the molds with aluminum components

as shown in Figure 5.

I To fabricate the synthetic molds, mold masters were first made out of

j steel to the projectile dimensions shown in Figure 3. Then molds were made of

various synthetic materials - polyimides and epoxy were the first candidates.

f The mold masters, shown in Figure 4, were designed to produce parts

essentially the same as those produced by the steel ones used for the

preliminary feasibility work. Since there was no way to know which material

would be used, the design was purposely kept simple with cast/compression

molds. The dimensions were set for room temperature steel so it was expected

that the final production parts would he larger or smaller depending on the

mold expanding to 350*F and the rubber shrinking as it returned to room

temperature. However, the airfoil shape of the projectile was always

maintained.

B. Mold Making

Initially two types of materials were acquired for producing the

replicated molds--polyimides and high-temperature epoxies. After some experi-

mentation, it became obvious that molding polyimides (Kinel() 5518 and 5505 supplied

by Rhodia Inc., New York) was much too complicated on the time scale established

for the program. The material came in a fluffy powder form which required

KinelV'- plastic is a trademark of Societe des Usines Chimiques Rhone-Poulenc,
Paris, France, for a particular plastic.
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j preforming before it could even be fit into the available space of the molds.

Then it required high pressures (1500 to 4500 psi) and temperatures (430° to

500*F) to be formed properly. The mold masters could make the nose and tail

portions of the mold but not the payload ring. There was difficulty in

easily obtaining more of the material which also happened to be toxic and

required special handling. It was, therefore, decided to concentrate on the

high-temperature epoxy.

The epoxy used throughout the rest of the program was RP-4032-A HI-HEAT

(supplied by REN Plastics, Lansing, Michigan) which can be used up to 400*F.

The room temperature physical properties more than satisfied the requirements

of the mold pressures, but these decline with increasing temperature. A

combination drawing of the final epoxy molds in aluminum holders is shown

in Figure 5.

The process developed to fabricate the epoxy molds is described below:

* Clean all mold master parts and three aluminum sleeves, spray lightly

"with KORAX 1711 release agent (Contour Chemicals, Woburn, MA), wipe

excess with tissue and set at room temperature.

T * The epoxy resin is previously deaerated by first soaking at 200 0 F,

stirring vigorously to eliminate any settled aluminum powder, and

subjecting it to a greater than 25 inch Hg vacuum for about 15 minutes.

f It is then stored at 125°F until used.

e Mix about 200 grams of epoxy, paint profile surface of tail master on

"rotating table, pour epoxy on surface of tail master bottom (with pins),

pour remainder into profile of tail master now in sleeve. Let set at

room temperature for 1-1/2 hours before closing.

Y
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I Using remainder of first epoxy batch, impregnate 7-ounce fiber-

glass cloth (1 x 12 inches) and wrap around core of nose master mold

to reinforce entrance hole.

o Mix about 150 grams epoxy, paint profile surface of nose master on

rotating table, insert wrapped core, pour level while on rotating table,

set sleeve over mold and poor rest of epoxy. Let set at room

temperature for 1-1/2 hours before closing.

1* Mix 150 grams epoxy, paint sharp lines on ring master with 1/2-inch

J screw clearance, insert core and hold with screw, place sleeve over

mold, pour in epoxy very slowly while on rotating table until fins

I on core are covered about 1/8 inch. Let set 1-1/2 hours at room

temperature before closing.

e *Since each mold takes about 15 minutes the closings will be 15 minutes

apart. Once closed flush with the 4.000--inch aluminum sleeves and

held for these 15 minutes the mold does not need to be clamped further.

They are cured approximately 12 hours before removal.

* Touch-up machining is done to chamfer all outside edges, and to remove

about 0.020 inch at 5 degrees from the nose to form the annular entrance

gate. Eight #79 holes are drilled in the tail for venting. (Note that

the tail bottom has pins properly placed to form holes to accept a

simple drilling jig.)

* The basic mold dimensions are then measured and recorded as a checkI .
against any process variation.

The molds are put into service by inserting them into the aluminum holding

sleeves shown in Figure 5, clamped in a 350OF platen press for about an hour and

then sprayed with silicone before molding starts. It was found that the initial

L" _..... .. -
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clamping was important to produce a final seating of all parts.

The final dimensions of the epoxy molds are dependent on the initial

mold master temperature, the epoxy temperature and the cure temperature.

3 It was found that high temperature curing could not be controlled the same

for each of the three mold parts and dimensions that started the same in the

masters would vary between the nose, tail and ring. This is the main reason

for using room temperature curing. The 125*F resin temperature was

selected to enhance mixing and pouring without initiating a fast cure

as an initial 150OF could do. The resin at 125 0 F cools down to the mold

master temperature without setting off a fast exothermic reaction in the epoxy.

When the process was followed diligently, the mold dimensions from set to

set were within about plus or minus 0.002 inch on the fixed master dimensions.

"When one mold sleeve was used, the outer diameters also were held this well.

Even though the aluminum sleeves were not machined to the same tolerances,

all of the important mold dimensions are held internally on the masters so

there is no problem in alighment and mating.

Although these epoxy molds have served the purpose for which intended,

the handling during disassembly and body stripping takes its toll in cracked

parts. The molds were replaced during the molding production on the average

of once every two weeks.

The future of multiple synthetic molds in larger production schedules

will have to be determined by the selected molding proccess and the capital-

ization acceptable. If multiple steel molds are financially acceptable, it
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I
would be more practical. Investment casting in either steel or aluminum

may in the long run pay for itself. Certainly, non-metal synthetic

J molds still can be considered but their lower thermal conductivity and

physical properties at 350 0 F must be balanced against the low cost and

I versatility.

C. Rubber Molding Process

Utilizing a five ton transfer press, a hot platen hydraulic press

j and three mold sets, the basic molding cycle was as follows:

* Transfer press open, insert about 550 grain billet (approximately

1 1/2 inch x 1-1/8 inch x 4 inches) into plunger pot in top press

j platen.

* Set in hot mold set, close press, actuate transfer plunger.

Plunger starts 2-1/4 minute press cycle.

* When press opens, remove mold and set aside. Insert another hot

I mold immediately to keep the transfer press in operation (about

iJ 2-1/2 minute turn around).

* Remove previous mold from hydraulic press and set aside. Put mold

just out of transfer press into hydraulic press and clamp

five tons force.

1 * When the next mold is done in transfer press, the clamped mold is

I removed, split open on a wedge separator and the body is removed

from the ring portion of the mold with pliers.

J * The molded body is set aside in a hood to cool down and the mold is

sprayed with silicone release as needed, reassembled, and set in the

platen of the transfer press to stay hot until ready for the next

filling.
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A typical mold that starts in the transfer press is loaded within

one minute, held for a total of 2-1/4 minutes and then removed. It stands

about 15 to 30 seconds outside a press and is then clamped for another

1 2-1/4 minutes in the hydraulic press. The body is removed and the mold

returned to the transfer press to maintain temperature. The three-mold sequence

is: First is in the transfer press, the second is in the hydraulic press

while the projectile is stripped from the third.

In practice there were two people involved in the molding process so

that billets could be prepared and the finished projectiles inspected and

deflashed around the payload cavity parting lines as needed. After cooling,

a batch of nolded bodies were removed to another area to have the web of

the sprue cut out of the inner diameter of the projectile. The cutter is

shown in Figure 6. Since the annular gate was 0.015 to 0.020 inch thick,

I the sprue was strongly attached to the body. Experience showed that the

web had to be stretched before cutting in order to leave an acceptably

I small irregularity at the inner minimum diameter of the projectile body.

When the mating edges of the mold parts are new and sharp, any flashing

on the outside and sprue cutting on the inside can be eliminated very cleanly.

j However, the epoxy erodes in time, is damaged during handling, and eventually

produces unacceptable irregularities on the rubber body. These could be ground

I off but it is a time-consuming operation at least under laboratory conditions.

Hardened steel molds would presumably eliminate this problem, if marring of

the sharp edges is prevented. There is no way of continually sharpening the

mold edges without eventually changing the projectile dimensions.

The quality of the final projectile bodies very much depends cn the

process parameters. They axe now covered one at a time.
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I
* Rubber Billets - The material used in the final stages of production

is the same Nordel® elastomer formulation as used for the SRP #3 but

I filled with 30 percent by weight of brass powder (325 mesh). This was

simply a non-toxic, non-abrasive densifier to bring up the ballistic

weight of the final projectile. This material, Du Pont FairpreneO DS 2902

j elastomer, is supplied in slabs 1/2 inch to 3/4 inch thick. It is

subsequently sized with a paper shear to the usable 1-1/8 inch x

1 4 inches billet of about 550 grains, about 100 grains over the weight

of the finished projectile body to account for the sprue and to maintain

the filling pressure during molding.

The material, when freshly received, processes very easily at lower

plunger pressures of 1200 to 1300 psi. As with all elastomers this material

J ages, especially at warmer temperatures, and eventually cannot be processed.

Sometimes the end of the batch is preheated on the transfer press 2 to 5

minutes to aid in filling the mold. This is touchy because too much pre-

j heating will quickly start the cure and again make it unusable.

* Transfer Press Temperature - The rubber compound processes best when

j the molds are at about 350*F. Going even 10 or 15 degrees higher causes

noticeable overheating and fuming. It was not specifically checked

to see how much property degradation would occur. The press platens

j are set for 375 0 F to keep the molds '%ear the correct 350 0 F. The hydraulic

clamping press is simply set at 3501F.

The molds must be soaked at 350 0 F before molding starts, and they are

out of the press for such a short time during the cycle that the temperature

is maintained.

FairprereCO elastomer is a trademark of the Du Pont Company for a
particular clastomer.

L -a
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* Transfer Press Clamping Pressure - The clamping force must always

be sufficient to hold the mold closed under the internal pressure

I of the rubber. It was set at slightly under five tons.

As mentioned already, the epoxy molds first make contact and

I are compressed about 1/16 inch before the aluminum sleeves take up the

rest of the load. This keeps the stress of the molds acceptable yet

still helps keep the rubber from seeping into the mating surfaces

to produce flashing. A clean well-seated mold will be practically

flashless. But the accumulated length of the three mold parts are

occasionally on the small side so shims are added (.005 to .020 inch

maximum) between the nose and top aluminum holder.

* Transfer Press Plunger Pressure - The particular compound used for

the projectiles has very good flow characteristics as it is heated

up. The main function of the transfer pressure of 1200 to 1600 psi

I is to force the cool material into the 1/4-inch diameter hole in the

top aluminum mold holder for heating and then into the annular gate

in the nose section of the mold. If the pressure is lower than 1200

psi, the filling time will go over one minute and some material will

have already cured to the point where it will not flow well inside

I the mold. This, of course, will produce air bubbles.

When operating properly, the transfer plunger starts slowly and

then after 30 to 45 seconds surges the rest of the material into the

mold and out the vents in the bottom of the tail portion. If extra

billet material is uscd, it will mostly be forced right through the

I mold and out the vents. The transfer pressure was, therefore, adjusted

to fill the mold properly for the gate and vent sizes.
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If the vents were plugged, then a higher pressure was present

inside the mold producing a heavier body weight, and increased size.

* Entrance Gating - The size of the entrance from the plunger pot

to the gate in the mold was selected by experimentation starting

with 1/16 inch and increasing to 1/4 inch which just filled the mold

well. Since the aluminum-filled epoxy is not as good a conductor

as pure metal, this entrance hole serves the purpose of heating up

the rubber to near 350 0 F as it enters. Without this preheating, the

mold time is more than seven minutes in epoxy molds.

The separation between the nose and tail section forms a uniform

annular gate about 0.015 to 0.020 inch thick. It can be narrowed by

shimming the nose to cause more outer diameter compression, but this

was not usually done since adequate entrance is required for good

"mold filling.

The complex internal shape of the mold prohibits the use of

discrete runners as gates because excessive air entrapment would

develop. Nine such runners were milled into a few molds in order to

eliminate the -eed for a special sprue cutter. Air bubbles, however,

became common and flashing eventually started to develop on the inner

minimum diameter. This could not be removed with the laboratory

equipment available.

* Venting - In all of the steel molds there was natural venting at the

tip of the nose and tail because these parts were each made in two

pieces. The mating surfaces between the ring, and the nose and tail

also could be vented slightly, but they normally should be kept very

ttight to eliminate flashing. The epoxy molds required additional
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I
venting to be added by drilling eight #79 drill holes at the tip of the

tail. These are large enough to have rubber forced out each time

the mold is filled. Unless they became clogged, this amount of

venting was more than adequate for the process.

Because the mold is taken out of the transfer press to the

clamping press it is "bumped". That is, after the 2-1/4

minute transfer press cycle is completed, the mold opens slightly

so trapped air can escape before it is reclamped. This resulted in

fewer air bubbles than a longer completely clamped cycle in the transfer

press.

e Mold Cleanliness - The introduction of bia- powder to densify the

material did introduce one problem. The powd.r, in time, starts to

build up on the mold surfaces producing a very dull finish on the body

part and occasional air entrapment bubbles. Eventually, no amount

of silicone release agent is effective and the molds must be removed,

scraped clean and repolished. It is not a big problem, but one that

must be considered in a production situation.

The brass also eventually clogs the vent holes in the tail so they

must be redrilled during the clean-up procedure.

9 Part Removal and Clean-up - The only way the body can be removed from

the mold is to first pull away the nose arid tail and then strip the

body into the hole in the payload ring.

The annular gate must be at least .010 inch thick or else the

sprue may tear during disassembly. A clean sprue cut is thus prevented.

The only flash removal required is on each side of the payload

cavities when the molds do not seat properly or get dirty. All removal

was done by hand with scissors during this contract.
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The rubber molding process is just like any other. The mold dimensions

are set repeatably and the processing conditions held as constant as possible

to yield the same part consistently. When this is done, the body weight

and dimensions are easily held to within plus or minus one percent.

I D. Body ProductIon

i During the course of this program, rubber bodies were molded for the

Soft RAG directly from the unaltered epoxy molds. Some molds were used for

I over 1000 projectiles but were then replaced because they were battered

from manual handling during disassembly and body stripping. The general

Imode of failure in the molds was in the payload ring. The reference lip on

each side was constantly stressed during the disassembly and a crack would

eventually start. Unless more than one-third of this flange would break

Saway completely, there was no difference in the molded part since it is

just a concentricity reference.

Variations in body weight and diameter occurred among mold sets because

of small differences in the compression forces and venting condition during

filling. A given mold set would produce bodies well within plus or minus

I one percent, but the range of all molds was about three percent. This

meant that tne body weight for the Soft RAG was nominally 30.5 grams with

* variation of plus or minus one gram possible in practice. The body weight

I could be adjusted for a given mold by either shimming the nose to affect

the gate thickness and body length by increasing the mold compression, or

j by shaving some material off the inside of the cavity ring where it really

did not matter.

A more coordinated large scale production effort certainly will be

capable of providing projectile bodies well within the required tolerances.
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Only a careful study of the economics can tell whether separate-press

transfer molding, multiple mold transfer molding or injection molding will

be best for the long-term production needs.

The Payload Package

The primary function of the Soft RAG projectile is to deliver a payload

of CS-2 agent at the target. The agent must not leak out during handling

or launching. Previous work with the SRP #3 showed that the best

way of introducing the agent into the projectile was to seal it first in

its own package. For this reason, the package body was vacuum formed from

plastic, filled with agent, and then covered and sealed with aluminum foil.

The best plastic for this purpose was found to be polyethylene as it can be

vacuum formed and is known to be compatible with CS-2. Aluminum foil was

chosen because of its general availability, sealing capability and controlled

weakness as it required for dissemination of the agent.

The payload package as shown in Figure 2 for the SRP #3 was first made

in a single 18-cavity mold taking about five minutes per package. This

included heating the polyethylene film for about 1-1/2 minutes, hand filling

the cavities with fluidized talcum powder, an agent simulator, and then heat

sealing the cover to the package body. Because this foil was not available

initially, tissue was used for the cover. It did not prevent leakage but

was adequate for handling and assembly of test projectiles.

Production of 2000 payload packages on a large scale required that

automatic equipment be cmployed to form, fill, seal and cut on a batch or

continuous basis. Variouz |packaqing machines were screened during the SRP 43

program, and it was decided that the continuous procc:ss had the best chance

of succeeding.
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I A. Mold/Material Requirements

The SRP #3 package was made to form fit the outer diameter curvature of

the projectile body. While the eighteen cavities were laid out straight

I in a single mold, a transverse curvature was required to conform to the

aerodynamic shape and little cuts had to be made between cavities to allow

1, the package to be assembled without wrinkling on each side. (This occurs

J because the package is made flat and then wrapped around the projectile.

The package sides are at a smaller diameter than the center, and therefore,

require a smaller circumference.)

As was stated in the Projectile Body section, the redesign of the

* outer profile of the projectile into a flat chord over the payload

"cavities (Figure 3) simplified the mold fabrication for the projectile.

Likewise, this flat greatly simplified the package machine. But since

the XM-742 package had to be 25 percent deeper than the SRP #3 (i.e. .250

inch instead of .200 inch) a single prototype mold had to be fabricated to

prove the feasibility of this requirement before machine construction

could begin. The prototype mold is shown in Figure 7.

The package materials were dictated by the functions required:

compatibility with CS-2, non-cutting suppleness, effective seal, and a weak

cover for dissemination. Experience with the SRP #3 package showed that

the polyethylene film had to be at least four mils thick to be drawn into

the mold cavities without popping. To accomplish this with the deeper

XM-742 cavities, it was considered that a film thickness of 5 to 6 mils

I

L
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would be required. Further, the best way to enhance heat absorption during

the preheating was to use a black carbon-filled film. Anticipating the

machine requirements, nominal 6 mil black polyethylene film rolls (2 inches

x 1000 feet wound on 3-inch diameter cores) were ordered from Poli-Plastics

Products, Inc.*, oakland, New Jersey.

-- The cover material chosen was a metal foil since the package reqUired

sealing, yet it had to be broken easily if the projectile breakband came

off on impact. Regular 0.0007 to .001-inch aluminum foil was tried on

the SRP #3 package and was found to provide a satisfactory seal. However,

this gauge was much too strong. Two lighter gauges (.00025 inch and .0005

inch 1235-0 alum.) were, therefore, procured from Reynolds Aluminum company,

Richmond, Virginia, in cne inch wide rolls. Since these light gauges can-

not be primed at the factory for better heat sealing, the material was re-

ceived in the uncoated state. Shellac primers thinned by Reynolds were

also provided in the event it was necessary tu prime the foil on the

machine. There was not time to enhance the seal by this means.

*0.0053 inch low density polyethylene - DSGA-0585 Union Carbide, 5%. carbon,
0.1 malt index, 0.92 density, 103*C melting point.
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S[ B. Package Machine Design

The concept for the payload package machine was derived basically from

the package fabricating techniques developed for the SRP #3 package. However,

instead of fabricating a package one at a time, it was designed to produce

[ them on a continuous basis. The continuous process was accomplished by using

[ a single rotating mold wheel with speed control and a sliding vacuum manifold

communicating with the cavities. To form packages, polyethylene film is

[ fed onto the wheel which is then heated and drawn into the cavities by the

vacuum present for the length of the manifold plenum. The formed cavities are

I then passed under a loading hopper and filled with the payload. The aluminum

foil is introduced and immedlately heat sealed to the film by a hot roller.

Finally, the package is trimmed to width. The packages are cut to length

[ by hand as they come off the machine. To insure good dissemination of the

payload, the packages are secured to the projectile bodies by rubber paper

I cement which is applied to the projectile cavities prior to assembly.

Once the operation characteristics of the machine were established, the

Du Pont Engineering Research and Development group at Remington Arms detail

j designed and fabricated the continuous forming packaging machine. A full-scale

assembly drawing is shown in Figure 8 with detail parts given in Figures 9 to 20.

I The components of the machine are described below:

* Frame - Since loading of the agent was to be gravity fed, the machine

had to be built vertically. To keep the agent out of the drive mechanism

I the motor and clutch are situated behind the mounting plate, and all

power and feed lines also enter from the back. The size of the

I machine was limited during this program as it had to fit into

a 3 x 6 foot exhaust hood where the CS-2 agent had to be loaded.
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"* Mold Wheel Drive Mechanism - The speed of the packaging mold wheel

was regulated with a 1/20 hp electric motor with a speed range

of 0.06 to 2 rpm, controlled by transistored SCR speed control and

coupled to the mold wheel shaft by an electric clutch. This was

set up to maintain a designated motor speed and still be able

to disengage the wheel from the drive mechansim for hand manipulation

and wheel positioning.

"* Mold Wheel - The package-forming wheel as shown in Figure 19 is about

10 inches in diameter to accommodate 54 cavities shaped and spaced

exactly like the prototype mold of Figure 7. Since some problems

were anticipated in start and stop activities only three groups of

eighteen cavities were put into the stainless steel wheel. The gap

in between allowed a stopping point for the loader without filling

any cavities. The mold surface was raised about 3/32 inch to exactly

define a reference surface for cutting the package to the correct

width. On each side of the mold surface grooves were placed to

accept hold-down belts for the polyethylene film which enters from

beneath the wheel.

The vacuum is introduced into the cavities through two 0.012 inch

diameter holes in the bottom of each cavity communicating with 1/8 inch

holes to the back of the wheel.

* Vacuum Manifold - The mold cavities have a continuous vacuum applied

from immediately after film heating, through loading, and heat sealing,

until the package is cut to width and is ready to come off the mold

wheel. This is provided by a sliding vacuum manifold shown in Figure 11

which communicates with the 1/8 inch holes on the back of the mold

wheel for the necessary angular travel.
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* Film Hold, Feed and Hold Down - Room is provided for the rolls of

polyethylene film below the mold wheel where it is tensioned by

adjustable friction pads. In order to get it onto the wheel a guide

is placed near the point where the film goes underneath the hold-

down belts. The hold-down belts are garter springs which keep the

film from moving sideways before the cavities are vacuum formed, and

even during the vacuum drawing so a more uniform package is produced.

* Film Heater - The main requirement of this heater is to soften the

film sufficiently to allow a smooth vacuum draw without popping it.

This requires a uniform red hot resistance heater which heats the film

for about 2-1/2 inches. The heaters were procured from the Hartford

Element Company, Newport, New Hampshire, as a special mounting of

1/16 inch Ni-chrome ribbon wrapped back and forth 10 times to have

a heating area of 1-1/2 inches wide by 2-1/2 inches long. These

become red hot with less than 30 volts ac. Modification of the heater

mounting will be discussed in the process description.

(See Figure 17)

* Powder Loader - Experiments with the prototype package mold and various

filling techniques showed that direct contact with a sliding hopper

was the cleanest and most efficient way of filling the cavities.

Cleanliness is especially important since the CS-2 agent is a very

potent irritant arid is very easily blown around. The loader is shown

in Figure 10. It was designed to accommodate a loaded polyethylene bottle

from the top and to allow the powder to fall directly into contact with the

cavities, four at a time. Just before the filled cavities move out from undcr
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3 the loader, the powder is somewhat compressed into the cavity by

( a 45 degree exit angle. Modest vibration of the complete loader

is required to keep the powder flowing down and to densify it.

The loading takes place before the maximum wheel height so the

package can be sealed before any powder can spill out.

L * Cover Holder and Feed - The aluminum foil is held on a shaft on the

upper right side of the machine, originally with provision for frictional

tensioning, but later as free running as possible. The foil is directed

to the molding wheel over a guide and simply is pulled through the wheel

operation by being heat sealed to the package. If the package machine

is to be run in a high air velocity of a hood, the exposed foil

"- - probably will have to be shielded to prevent fluttering that can

wrinkle and tear it.

* Heat Seal Wheel - The packages were sealed by utilizing a rolling wheel

to produce a continuous line seal. This part of the machine was least

known and was the largest possible problem area. It was not known whether

polyethylene and aluminum would seal well without applying a primer

to the foil so room was left in the foil feed-in area for primer

application, if necessary.

The wheel was designed with a central heater covered by bronze

bushing acting as the hot bearing. It rode directly on the aluminum foil,

with free self-alighment, and turned simply by its contact with the package.

This proved unsatisfactory. It was determined that the heat seal wheel

should be positively driven in sychronization with the mold wheel. The

final heat sealer is shown in Figure 13 and will be discussed in the process

description.
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. Width Cutter - To enhance uniform breakband application and final

aerodynamic shape, the width of the package must be held quite

closely, plus or minus .005 inch. Since the width could be

cut outside the machine with a hand-cutting jig, this was the

last item on the machine to be designed and built. The best way

of cutting was not kncwn. Fixed cutting blades were first

tried but they dulled quickly. Eventually the cutoff evolved to

that shown in Figure 20, adequate for a while but still not quite

right, as will be discussed later.

* I Other items necessary for machine operation were a Variac for the film

heater, air vibrator for the loading hopper, a controllable vacuum source and

a temperature controller for the heat seal wheel. The vibrator and temperature

Icontroller are called out on the machine drawings, along with other purchased

parts.

I C. Process Description

g The operation of the package machine calls for the monitoring of four

separate functions: 1) cavity formation, 2) filling, 3) heat sealing, and,

4) cutoff. When all are adjusted properly, the machine will produce packa:es

at the rate of 2 to 3 per minute, depending on the mold wheel speed.

I 1. Cavity Formation

1 The formation of a smooth, well-shaped package without leaks

to the vacuum is essential to a good continuuus operation. With the

loader blocked by a thin stainless steel shim placed between it and

the mold wheel, and th(. heat seal wheel held off the mold wheel, the process

Sstart-up can bcgin. The mold wheel is started at a setting of about
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45 to 50 percent (< I RPM), the vacuum is turned on but prevented from

reaching the wheel by a pin valve and finally the film heater is turned on

to a dull red setting. The polyethylene is then fed onto the wheel and

threaded under the loader until it eventually exits the machine at

the cutoff. It takes a few minutes before the heater stabilizes and

the vacuum can gradually be turned on just to the full draw condition.

Once this is done the cavity formation will continue with no problem.

However, the mold wheel builds up heat in about an hour at rcom temperature

and the package does not cool sufficiently before sliding under the loader.

This will cause scuffing of the film and shut down.

If the film is heated uniformly and thoroughly, the cavities are

drawn in v2ry quickly. The heater straddles the position where the

vacuuri manifold starts and is set closer to the film at the bottom.

As shown in Figure 17, enhancement of uniform heating is achieved

with small heat distribution rods and aluminum reflectors. Without

these, the film heats up more in the middle and bulges. This causes

a crease line to run along the package center.

If the package film is popped or perforated in any way during

the operation, the payload powder will be drawn into the mold cavity

and eventually will clog the vacuum holes. They can be cleaned somewhat

during the operation, but too much will cause a shutdown and require

a thorough cleaning. Future redesign of the package machine must be done to

insure that tl,, ciaiities are always well formed and that they never break

through. This certainly can be done with:

Uz
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"* improved heating uniformity

Y"* regulated vacuum source

* controlled mold wheel temperature

"* periodic treatment of mold wheel with mold release agent, e.g. silicone.

2. Heat Seal

Once the packages are forming well, the aluminum foil can be threaded

under the heat seal wheel and the wheel dropped down to put the cover

on the package. Initially, it was not known just what kind of a sealing

wheel would work best so a design was conceived with a fine 0.010 inch

diamond knurl extending to within 1/32 inch of each side of the package

where a very slight taper would feather out the edges of the package

for better comformity to the projectile. This worked adequately until

melted polyethylene built up due to occasional foil breaks at the

edge.

The main problem with the heat seal wheel is that it runs on the

foil/PE film only by friction. Too much heat or pressure creates a

melt layer which can scuff and cause trouble if the foil breaks

across the package. The tapered heat seal wheel was finally replaced

by a cu~rser 0.020 inch diamond knurl with no taper as shown in Figure 13.

"The sealer is then held down on the foil/film by spring tension

adjustment, set at 400 01' and adjusted for uniform bcarinq by set screws

in the holder. If the sealer was positively driven,riuch more 1rcssure

could be imposed with a bettei seal poss!iLle. As it is, this sealer

produces a good "peel seal", but one which can be broken to cause

slight leaks, if the package is stretchud by bad cutoff or in removal

- from the machine.
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Whereas a residue of talcum powder from the loader tends to

dimenish the heat seal, it was found that the CS-2 melts between the

polyethylene and aluminum foil. The whole operation can possibly be

cleaned up by extending the seal to a greater width so all loader

residue is melted and contained by the seal.

The heat sea). can be improved by:

"* extending the 0.020 inch diamond knurl to the full one-inch

I foil width

"* positively driving the sealer in synchronization with the mold

I wheel

"" possibly incorporating a shellac primer into the foil feed

system.

3. Filling

When the package is being well formed and sealed, the cavities

can be exposed to the hopper by removinq the shim or opening the gate

on top, if the bottom of the hopper is empty. The air vibrator is then

turned on with about 5 psi air supply pressure and the cavities began

I to fill nicely. The loa(.3r must bear uniformly on the package or else

there is a tendency to leave a trail or residue on one side or the

I other. Scraping of the fillcr over the major central section of the

package is always quite good, if the vibration is not excessive.

During initial debugging it was found that the powder was

not being well packed into the cavities. A plug was, therefore, pressed

into the hopper to produce a 45 degree exit angle. This helped compress

I the powder as it is scraped level.
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Until field testing experience is acquired with the CS-2 agent,

there is really no way to ascertain whether the packages do in fact

I have enough payload (about 2 to 3 grams at present). The sliding

loader does work well but could be modified as described below to

enhance convenience in operation.

* Reduce the volume of powder that needs to be loaded after

the gate is shut (In practice the placement of the shim

I under the loader worked but sometimes was the cause of

i spillage when introduced.)

& Widen the mold wheel surface so that there is more bearing

* surface.

* Provide definitive suspension and bearing adjustment.

I 4. Cutoff

A clean width cutoff is necessary for the package to fit the

projectile nicely. It also removes the excess polyethylene while the

package is still under a vacuum hold-down and thus eliminates stresses

in the heat seal which can cause leakage. However, the complete assembly

I can be taken off the machine, cut and trimmed by hand jigs if necessary.

This was the practice at the end of the contract production since the

cutoff quality began to deteriorate.

3 There is no question that a rotary cutoff wheel is required. The

design shown in Figure 20 worked very well for quite a while until the

i hardened cutters started chewing up the side of the stainless steel mold

wheel. Little threads of uncut material required hand separation of

the package from the edge trimmings and this caused leaks.
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Since the cutting wheels ran against the raised portion of the

mold wheel under pressure, one blade would eventually run flush with

the edge whereas the other would carry the whole cutting interference

angle and start removing material from the mold wheel. This does not

mean that future mold wheels would also have to be hardened. In fact,

only the cutter mounting needs revision. If the cutters are separately

adjustable for pressure and cutting interference the edges should be

self-sharpening, and trim the packages very cleanly. If the mold

wheel surface is widened as suggested previously for other reasons,

it is possible that simple pressure cuts right against the surface would

sever the edges just as well. At any rate, the cutoff is a matter of

careful redesign and precision fabrication.

D. Package Production

The package machine was assembled and in start-up operation just two

months after the contract was initiated. Over 1000 packages including about

500 loaded with CS-2 were fabricated. Initially, there was difficulty in

forming the package cavities properly without popping the film or leaving

a crease from non-uniform film heating. But modification to the heater and

vacuum controls have nearly eliminated these problems. The only fundamental

redesign which would greatly help the continuous uniformity of the cavity

formation is on the mold wheel. Instead of separating the mold cavities into

the three sets of eighteen to form single projectile packages, it would he much

better to have a non-interrupted set of cavities. With the present mold

wheel the first and last cavity of each package string are difficult to

I
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I
I mold wheel temperature and a very lean misting of release agent on the mold

wheel as it turns there is no reason that excellent packages could not be

formed indefinitely. When this is achieved, the whole problem of powder

clogging the vacuum system would be eliminated.

olThroughout the contract, the package machine was operated for

only short periods of time. The talcum powder and CS-2 were fed from

polyethylene jars, one container filling about 50 packages. If talc

sifted out along the loader because of bad leveling and bearing on the

wheel, the excess was periodically vacuumed up. The scrap and side cuttings

were simply run into waste baskets. What became routine laboratory production

3 was quite a different matter when the CS-2 was loaded.

E. CS-2 Loading Summary

3 In mid-Decem6er 1974, the payload package machine was moved from a

general laboratory area into an isolated laboratory and placed in a high

velocity hood, with a linear air velocity of over 800 fpm. This hood in

turn was enclosed with a wooden cage and sealed with polyethylene

construction film. The hood area is 3 feet deep by 6 feet long.

3 The general area, hood scrubber, protective clothing and emergency

safety equipment were inspected and approved by both Edgewood Arsenal and

Remington Arms Company safety personnel. The package machine was run with

3 talc first so that the exact operating procedures could be refined and then

converted to handle the CS-2.

3 Packages could be made at the rate of about 100 per hour, but there

were some spillage instances, leaking packages and other problems with theI
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heat seal that resulted in periodic shutdowns. About every two hours, ten

pounds of "Cold Water All" were added to the scrubber sump to decontaminate

it before releasing to the sewage system.

I As long as the hood air velocity was maintained, there was no problem

in handling the agent even without gas masks provided all contaminated

materials were kept inside the hood. But experience showed that a

production area needs to be designed very carefully with all important

controls and moving parts well sealed, a place provided for everything (including

cutoff scrap) and much more space to move around. In short, provision must be

made for every manipulation, adjustment, cleanup, and maintenance. If this

is done, there will be no problem in producing CS-2 packages in large

I quantities.

This makeshift operation was barely capable of getting out the required

I number of packages because of fouling of the package machine. A number of

a improvements were made during this short run of CS-2 loading, but others are

still needed. These are described below:

3 * Overall machine operation would be greatly enhanced if the

vacuum formation of the package film was made more foolproof.

I That is, popped film, wrinkles and other irregularities must be

eliminated completely. The film heater must be redesigned slightly

and most important, the forming wheel should be a continuous

series of payload cavities instead of groups of 18 as it is now.

Most bad packages were caused by either the first or last cavity

I since there is an obvious asymmetry in the film heating at these

points. The forming wheel temperature should be controlled and

possibly some silicone release constantly applied as a very lean mist.

L
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I
The CS-2 agent can be removed readily from surfaces by blowing

it into the hood air flow. The vibrator worked very well with

only a few instances of unfilled cavities. However, there is some

residue around the cavities which could be vacuumed in the next

It generation equipment or the film and heat seal wheel widened. The

heat sealer simply melts any residue in the seal region and seems

to contain it. In fact, a slight dusting of the agent may even aid

ft as a bonding medium but this must be evaluated when further sealing

experiments are done.

The CS-2 agent has one other troublesome property: It seems

to absorb oil and dry up any bearing or sliding surfaces where

it migrates. Care must be taken to design the next moving parts

' with adequate sea .inq and lubrication points.

* The .00025 inch thick aluminum foil worked as package covers but

I it fluttered in the high velocity air stream. It must be protected

or slightly thickened to help maintain its integrity and uniformity

under the heat sealing and subsequent manual handling.

ft * The heat seal wheel with a .020 inch diamond pattern apparently

sealed well at the safe non-scuffing temperature of 250*F. Unfor-

I tunately, speeding up the large wheel rate in an effort to finish up

the required number of packages proved to be a problem later. The

temperature of the heat sealer must be related to the wheel speed or

else the peel seal can open upon handling after it has cooled off

completely. Although packages were inspected before storing for later

I assembly, a rather large number of leaky ones were found the following

day in those made at the end of the run.
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A redesign of the machine necessarily must include a

positive heat seal wheel drive so that its pressure and temperature

can be adjusted for the best seal without danger of its stopping

and scuffing off the top of the package. It is running on a melt

layer of polyethylene and only the sharp points of the knurl keep

it from slipping all the time.

Near the end of the CS-2 loading the sliding vacuum manifold had become

fouled with the agent and its friction increased markedly. The electric

clutch in the drive wheel mechanism then began to slip periodically and

required constant hand startups to keep going. As soon as the required

number of packages were made, the machine was stopped, broken down and

bagged up in polyethylene for later decontamination. The hood was washed

so the assembly and banding equipment could be installed.

When the CS-2 packages were assembled to the bodies with rubber cement,

the end-of-the-run leaky packages showed up. These leaks were mostly tiny

faults in the heat seal, detected by squeezing the package. Once assembled,

the bodies could be handled with minimal leaking even in the worst cases.

This leakage was a very serious problem and it was felt at first that the

whole operation h3d been a wasted effort. However, when projectiles with

leaky packages were banded and then had the banding cured by 300*F for

three minutes all residual CS-2 was at least temporarily destroyed.

The projectiles could be handled outside the hood area without special

precaution.* The details of the heat-curing process will be discussed

further in the breakband section of this report.

*When the packed boxes were opened several months later, however, the residuals
had intensified and protective equipment and ventilation was required.
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More than a month passed before there was time to bring the package

machine back to the general laboratory area and carefully rewash all parts

for reassembly. This was a very tedious job which should be avoided in any

future work. Even after this decontamination the presence of the CS-2

residues were still apparent especially when the film heater and heat seal

wheel were finally reactivated.

The electric clutch that had been failing during the last stages of the

CS-2 loading apparently got some more oil or some other substance in it and

I was totally useless. Since only a week of Soft RAG production was allowable

at the end of the contract, the motor was connected directly to the mold wheel

m and run without the convenience of the clutch. The final production yielded

about 400 demonstration projectiles.

In summary, the package machine prototype proved the feasibility of

the continuous rotary process. The 5 to 6 mil black polyethylene looks

like a good package material and the 1/4 mil aluminum foil is entirely

I satisfactory for the cover. A careful redesign of the package machine incorporating

the above suggested changes and remembering the needs of a CS-2 contamination

process should yield a reliable production method of providing a payload package

for the Soft RAG projectile.

Breakband

l The breakband which holds the aerodynamic shape of the RAG projectile is

I an extremely important part. It must survive launch and about 5000 rpm

during flight and yet break upon hard, soft, and grazing impacts. It must

I



I - 44 -

be supple so it will not cut and yet have a low ultimate strain (1 to 2 percent)

usually associated with brittle materials. Environmental tests require hot,

cold, wet, and dry functioning. Against hard targets the SRP #3 did all of

these things. But soft targets showed that the SRP #3 breakband was too

strong.

In order to conform to the projectile body well and yet be an integral

band, a wrapping process for the breakband was selected from many possibilities

Sduring the SRP #3 development. The XM-742 production banding prototype machine

was a simple extension, again, of proven laboratory techniques. No wrapping

I equipment could be found commercially so the machine had to be designed from

I scratch.

Since it was known that the breakband had to be weakened to enhance soft

target dissemination, the machine had to be able to wrap the projectile at

the rate of about 10 to 30 wraps per inch, and also have the capability of

I wrap rate variation over the length of the projectile. The soft bodies had

i previously been carefully held during wrapping to prevent compression and distortion

until they were dried. In the production concept projectiles are assembled

alternately on holding mandrels for wrapping as a batch, dried and cured

as necessary, and then cut off to provide clean edges for the band. It had

I been found that a circumferential slit just aft of the payload package aided

in completely disseminating the payload upon impact. This cut is made at the

same time.

j The wrapping machine, like the package machine, had to be portable and of a

convenient size and shape to fit into the 3 x 6 foot fume hood for CS-2

I loading and banding. The requirements were presented to the Du Pont Engineering

L.
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Research and Development group at Remington Arms Company for detailed

design, component specification and fabrication. This machine was also

in operation two months after the start of the program.

A. Banding Material Requirements

As mentioned, the screening of banding materials was extensive in the

development of the SRP #3. Cellulosic tissue (Aldex 17, Gould Paper Company,

New York) was slit to 1/8 inch width, and run through an impregnator con-

taining a water emulsion of ethylene vinyl acetate (Elvace@ 1968 resin, Du Pont

Wilmington, Delaware). Both the narrow width and the water wetting are required

for a uniformly snug and integral banding over the curvature of the projectile.

The EVA simply acts as a binder which in combination with the tissue produces

a supple band whose tensile strength stays within 10 percent of its room dry

I value after soaking in hot (125 0 F), cold (0 0 F) and wet (90 percent R.H. at 120 0 F)

conditions. The room and hot strains are about 1 to 2 percent whereas the

cold and wet ultimate strains are typically 3 percent. The strain is most

important since the total band strength can easily be adjusted by variation

of the wrap rate.

The final necessary breakband characteristics could only be established

as the result of launching survival, flight and biophysics impact test

firings. It was felt that the inherent versatility of the wrapping process

would allow the band to be trimmed up to any specification.

In order to be ready for the tight time schedule of this program, both

tissue and EVA binder was ordered early. The narrowest tissue which could be

slit on production equipment was 1/4 inch. Provision had

to be made to fold this tissue exactly in half. The EVA originally was used

as received with 50 percent solids. Since the SRP #3 was wrapped twice with
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1/8 inch tissue at the rate of 20 wraps per inch, there was no problem

with band integrity. But a single wrap of folded 1/4 inch tissue gave a

band too soft (too much strain) and clearly not consolidated as well as

the SRP #3. To regain breakband qualities of the SRP #3 design, a cross-

linking catalyst of Oxalic Acid was added to the EVA to reduce the pH to

2.4. This change was made later on in the program and did produce a much

more integral band.

B. Banding Machine Design

The whole breakband fabrication process involves several machine elements:

tissue folder, impregnator, wrapping machine and band slitter. The first three

are put into perspective with the schematic in Figure 21. It shows the

tissue being taken off the roll through the folder and into a slack storage

area. It is then pulled through the impregnator by the wrapping machine during

the banding of six projectiles supported on sleeve mandrels that fit onto the machine.

To facilitate acquisition of tissue in a reasonably useful form, the paper

company was allowed to put the 1/4 inch slit tissue onto six inch wide, three

inch diameter cores. The rolls are 15-1/2 inches in diameter and quite massive

compared to the 2-pound breaking strength of the dry tissue. The roll was,

therefore, set horizontally on a low friction rotating base to be pulled off

by the folder, shown in Figures 22 and 23. While the tissue could be pulled

off the roll and folded very fast, the sporadic nature of the process would

require synchronization of the feeds right through to the wrapping machine.

This did not seem warranted within the scope of the program so the tissue

was just folded slowly and continuously. The pile of tissue could then be

drawn up into the wrapping machine at a much faster rate without fear of

breaking the tissue.



-47-

The tissue then is pulled into the impregnator bath shown in Figure 24

where its breaking strength immediately drops to 1/2 pound from the 2-pound

dry value. Little tension is allowed in the bath or squeegee. A band

breakage would stop the process. The wetted tissue is then guided onto the

wrapping machine by a low friction roller, shown in Figure 25.

The projectile banding is achieved by assembling the projectile bodies

with the payload packages affixed with ordinary rubber paper cement and then

alternately placing them on holding mandrels as shown in Figure 26. The

aluminum tubing for these mandrels was sent to Edgewood Arsenal to expedite the

fabrication of over 60 pieces on a numerical control lathe. These mandrels

not only hold the body to the proper dimension but provide fixed length

dimensions to reference the wrapping and subsequent band slitting during

cutoff. Seven mandrel sleeves and six bodies are stacked together as a

production batch and slid onto the shaft of the wrapping machine.

The requirements of the wrapping machine are quite straightforward.

It must provide a rotating shaft to hold seven banding mandrels and the

shaft must extend out freely from the machine at one end of the stroke to

facilitate assembly and any other operations which might eventually be included

in the process. The shaft had to be of variable speed up to 220 rpn. The thread

rate had to be controllable as a function of movement and be tied directly

to the rotation of the shaft so a wrap rate is independent of banding speed.

The arrangement of the actual design is shown in Figure 27 and details are

shown in Figures 28 and 29.

The motor and variable ratio gear box is mounted on a reciprocating carriage

with a screw drive right off of the gear box. Although it has not been needed,

the arrangement of the gear box ratio control is rotary with full range

L
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adjustment in a quarter of a turn. This allows a cam surface to be

introduced on the machine base to vary the wrap rate as the carriage moves.

Almost any rate variation within 10 to 30 wraps per inch could be introduced

repeatably on each of the six projectiles just by replicating the cam surface

after each banding mandrel length. In practice, the gear box was just fitted

with a calibrated dial so that banding rates from 10 to 20 per inch could be

set without actually checking the wrap every time.

At the end of the wrapping stroke the carriage disengages a split nut to

prevent collision with the base. The release is also handy for positioning

the carriage manually and stationary rotation of the shaft for other

* process manipulations.

There have been no problems with the banding machine throughout this

m program. Since the wrapping stroke for six projectiles is less than a

minute, the capacity of the machine is about 180 projectiles per hour, well

above the production needs for the Soft RAG projectiles at this point.

Final production machinery would, of course, be faster, hold more projectiles

and be simpler to load and unload.

C. Banding Process

In practice the banding operation for the Soft RAG projectiles was done

in batches of 48 and took about an hour for turnaround. The Elvace® 1968 resin

was prepared in 1000 cc lots. The green color additive, Du Pont's Monastral®

green dye B-GW-749P (Lot 39155 8/8/74 from Chambers Works, Wilmington), was

added at one percent volume. Subsequently, the EVA was catalyzed by adding five

percent of an oxalic acid solution (227.5 grams per 2.84 liters water), reducing

the pH of the solution to 2.4. After the addition of the catalyst, the EVA

solution lasts for approximately two weeks at room temperature.

Monastral(-) dye is a trademark of the Du Pont Company for a particular dye.
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The banding process is initiated as follows: The tissue folder is
I

started at a slow and steady rate, and then the tissue is threaded through

the impregnator. The EVA solution is squeegeed from the tissue by a Nordel® elastomer

rubber pad which is held by a leaf spring and compressed against a steel scraping

edge. The compression of the rubber pad is adjusted until there is no film

of EVA remaining on the tissue as it leaves the impregnator. To prevent the tissue

from flipping over as it is wrapped onto projectiles, the guide roller must

be kept clean and free running. To wrap the projectiles, seven mandrels and

six projectiles are slid onto the banding machine shaft nose first and locked

by a hand-tightened holding nut. When the split nut is released, the carriage

moves to the starting position for wrapping the tissue at the end of the

shaft. The tissue is hand threaded under the guide roller and over the top

of the mandrel with about one full wrap for startup. The split nut is

engaged and the machine accelerated slowly until the tissue firmly catches

the mandrel and is wrapping. The machine is run between 3/4 and full speed

until all of the projectiles are wrapped. The wrapping direction over

the projectiles is tail to nose to cause a slight shingle effect facing toward

the rear of the projectile for minimum aerodynamic drag. After wrapping,

the split nut automatically disengages so the shaft just turns freely. To enhance

consolidation of the wraps, the breakband is lightly wiped with a damp sponge

or cloth. The whole assembly is then slid off the shaft as it is held in com-

pression and set into a blower box for accelerated drying.

The drying operation requires about 15 minutes. The breakbands are then slit

and the projectiles removed from the mandrels, using the slittcr shown in Figure 30.

To minimize projectiles sticking, the mandrels are periodically sprayed lightly

with silicone mold rclease. If the projectiles do stick, this
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sometimes causes permanent breakband distortion if the band gets stretched

while still damp when removing the projectile.

The projectiles are then allowed to dry thoroughly overnight before the

final curing. Three minutes at 300*F has been the usual treatment for the

crosslinking of the EVA in the breakband when talc is used as a payload

simulator. The special problem of crosslinking CS-2 loaded projectiles is

discussed in the next section.

D. Breakband Production

In the initial phase, all banding was based strictly on experience gained

with the SRP #3. The bands were wrapped at 19 per inch, allowed to dry for

several hours, and then crosslinked for three minutes at 3006F. Subsequently,

Edgewood Arsenal observed that the breakbands seemed to be softer, less brittle

and less consolidated than the previous SRP #3's so the process was reevaluated

and Du Pont consulted. The problem was found to be inadequate crosslinking.

It was suggested that the bands be dried more thoroughly and that a catalyst

be added to the EVA solution as is common in the textile industry. The

overnight drying of the projectile and oxalic acid catalyst did indeed improve

the band quality.

As the projectile body underwent variations in density and molding

techniques, a number of different wrap rates were tried and tested until

proof testing was carried out at Delco with the latest version launcher in

November. Soft RAG's with bandings of 13, 15, 17 and 19 wraps per inch

were fired with only one launching failure. These tests coupled with

Edgewood Arsenal biophysics work allowed the XM-742 design to be tentatively

frozen at 17 wraps per inch and the loading of the CS-2 projectiles to be

done before the end of the year.
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The requirement for thermal crosslinking of the binder used in the

breakband had to be met without decomposing the CS-2 payload.

With the oxalic acid catalyst, crosslinking of EVA 1968 begins at

approximately 250QF and requires 1 to 1-1/2 minutes at this temperature for the

reaction to be completed. However, the crosslinking is statistical in nature

with no absolute 100 percent crosslinked value achievable--some crosslinks will

be degraded before all can be formed. The best that could be accomplished

was to apply the accepted crosslinking temperature-time schedule and observe

the performance of the projectiles during actual testing.

To determine approximately the heat transfer through the breakband and

the risk of melting the CS-2 payload, a time/temperature test was devised

utilizing a fine thermocouple (Cu-Const. with 0.015 inch diameter).

This type of thermocouple has rapid response but it was found not to be

fast enough to give instantaneous readings. When subjected to 300OF

air it indicated 290*F in one minute. When sandwiched between two breakbands, the

readings at each successive minute were 2580 F, 287 0 F, and 291°F. It was

concluded that the breakband reaches at least 250°F after one minute

so another 1-1/2 minutes should provide adequate crosslinking.

To determine the actual temperature seen by the payload in the projectiles

in 300°F air, the thermocouple was placed just under the aluminum foil of

the payload package in a talc-loaded Soft RAG projectile. The temperature at

each minute was 1600 F, 193°F, and 208 0 F. At some time after two minutes of

exposure to the 300°F air, the payload will reach 200°F. Naturally, if filled with

CS-2, the CS-2 will begin to melt.
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As was mentioned previously in the CS-2 Loading section, a leakage

problem of the CS-2 from the packages did develop. Further, the package

machine had been disassembled and it could not be restored quickly to

operation. In an attempt to save these packages, it was decided to heat

some of leaking CS-2 filled packages to 300*F for various lengths of time to

determine if CS-2 would fuse the leaks. Six of the worst assembled bodies

with severe CS-2 contamination were selected and banded as described. Two

were crosslinked at 300*F for 3 minutes, two for 4 minutes and two for 5

minutes. The first two were cooled and inspected. They could be handled,

sniffed, dropped and even bounced without leaking. The 300OF crosslinking

temperature heat-cleans the contaminated projectile and apparently seals

any leaks in the package under the banding. However, a thin crust (less than

1/16 inch) was formed over the top of the CS-2 in the payload cavities. The

four-minute projectiles were half melted and fused and the five minute ones

completely destroyed. This was clear evidence of the thermal gradient moving

quickly into the projectile through the band.

A few more projectiles with leaking CS-2 packages were banded and cross-

linked for only 2-3/4 minutes. When cut open, they showed only the thinnest

crusting of the agent next to the foil and this was considered as the acceptable

crosslinking and sealing condition.

The rest of the 500 projectiles were then to be crosslinked for 2-3/4 minutes

at 300OF in a forced circulation oven. A few were inspected from time to time

and they looked fine until a projectile from the edge of the 30-projectile

rack batch was inspected. It was found to have melted unacceptably in about

1/3 of the payload cavities. (356 projectiles had been treated to this point.)
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This problem resulted because when the oven door was opened to put in

the projectiles, the temperature of the oven dropped momentarily, turning

the heater's controls on. The oven operates with heaters much hotter than

3000F, and the air circulates non-homogeneously, at least on the crosslinking

time scale, causing non-uniform heating of the stacked projectile bodies.

The crosslinking time was reduced even further to 2-1/4 minutes (a

bare minimum), more time was allowed between batches and the in/out operation

speeded up to a maximun. to help maintain the oven control temperature.

Since it was impossible to make more CS-2 filled packages within the schedule,

356 projectiles were entered into the test program with the understanding

that some projectiles were unacceptable as the cavities of these projectiles

had melted and fused improperly. The last 114 are presumably good.

Future breakband crosslinking will require much better temperature con-

trol, possibly by a fixed rate conveyor traveling through a uniform 300OF

chamber.

No other CS-2 loaded projectiles were made during this program, and,

indeed, there was no production of talc-filled projectiles at all until the

end of January. The reason for the delay was the possibility that the breakband

ultimate strain might be too high for good biophysics results. To alleviate

this concern, a new drying procedure was incorporated into the fabrication

of Soft RAG projectiles. After room drying and disassembly from the

banding mandrels, the projectiles were force-dried at 125OF for one hour,

cooled back to room temperature and finally crosslinked for 3 minutes at 300 0 F.

After one hundred talc-filled projectiles were made like this, problems

surfaced when test firings began with the final Delco launcher design.

V. . . .M
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With the new launcher every one of the Sting RAG's and about half of the

Soft RAG's banded at 17 wraps per inch and cured as described above had some

sort of failure from band cracks in the nose to complete breakage at the

muzzle. Apparently, the payload package in the Soft RAG made it more

resistant to failure. It was clearly determined that crisp dry breakbands

(1-1/2 to 2 percent ultimate strain) could not be launched successfully in

the new launcher.

As the program neared completion, the Soft RAG demonstration projectiles

were banded with 20 wraps per inch, dried overnight and crosslinked for 3

minutes at 300*F. It is assumed that the results of breakband studies and

projectile/launcher interaction derived from the Sting RAG program will

eventually be incorporated into the Soft RAG.

XM-742 Production

During the course of this contract 1328 Soft RAG XM-742 projectiles

were delivered to Edgewood Arsenal and several hundred more were made for

special testing. To put the production activities into perspective with

the design and process variations discussed in the previous sections the

delivered projectiles are listed in Table 1.

As part of concurrent Sting RAG (designated XM-743) production, inspecticn

criteria were set up for the delivered projectiles to be checked on a 10 percent

random basis for body weight, outer diameter, inner diamcter and length.

The projectile's diameters were measured to within .010 inch by means of .010

inch stepped ring gauge. The length was measured similarly by a pin gauge

also to within 0.010 inch. The CS-2 loaded XM-742's and the final shipment

were inspected in the same manner. The actual results of the inspection

for both types of projectiles are listed in Tahle 2.

S... nn Vg
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Table 1

LIST OP XM-742 PROJECTILES DELIVERED TO EDGEWOOD ARSENAL

I
Wraps per3 Date No. Mold Material Binder (Green) Inch

8/12/74 84 Steel Plain Nordels Plain EVA 19
Elastomer

9/11/74 36 Steel Plain Nordel® Plain EVA 19
Elastomer

9/19/74 24 Epoxy Nordel® Elastomer Plain EVA 19
1 17% Brass

9/26/74 60 Epoxy Nordel® Elastomer Plain EVA 19
17% Brass

10/8/74 12 Epoxy Nordel® Elastomer Plain EVA 10
17% Brass

12 Epoxy Nordel® Elastomer Plain EVA 11
17% Brass

12 Epoxy Nordel® Elastomer Plain EVA 12
17% Brass

10/18/74 60 Epoxy Nordel]® Elastomer Catalyzed EVA 10,11,12,24
30% Brass

12/18/74 470* Epoxy Nordel® Elastomer Catalyzed EVA 17
30% Brass

1/23/75 114 Epoxy Nordel® Elastomer Catalyzed EVA 17
30% Brass

2/24/75 12 Epoxy Nordel® Elastomer Catalyzed EVA 17
30% Brass

12 Epoxy Nordel® Elastomer Catalyzed EVA 20
30% Brass

12 Epoxy Nordel® Elastormer Catalyzed EVA 24
30% Brass

12 XM-743 Nordel® Elastomer Catalyzed EVA 24,18 over
(Epoxy) 30% Brass payload

cavities
12 XM-743 Nordel® Elastomer Catalyzed FAM 24

(Epoxy) 30% Brass
3/5/75 384 Epoxy NordelO Elastomer Catalyzed EVA 20

(Final 30% Brass
Run)

L
[ *These were the only projectiles with CS-2 loaded into the packages.

r ..
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* Table 2

SUMMARY OF INSPECTION DATA FOR CS-2 AND TALC-FILLED XM-742 PROJECTILES

CS-2 Talc

Aver. Weight (grams) 34.6 33.8

Weight Extreme Variation (grams) 2.5 (7.2%) 3.17 (9.3%)£
Weight Standard Deviation (grams) 0.63 (1.81%) 0.63 (1.86%)

Outer Diameter (inches) 2.44 2.445 (both ± 0.010")

Inner Diameter (inches) 1.75 - 1.77 1.75 - 1.77

Length (inches) 1.33 1.33 (both ± 0.020")

The difference in weight between the CS-2 and talc-filled projectiles

reflects a heavier payload of at least 0.5 gram. The larger diameter of the

talc-filled projectiles results because they were wrapped 20 per inch whereas

the CS-2 projectiles were 17 per inch.



XM-742 Testing

As production machinery concepts were being developed a program of

j testing continued toward the optimization of the projectile characteristics

and performance. At the end of the SRP #3 work the projectiles flew quite

accurately out to 60 meters and disseminated 100% against hard targets.

The main Soft RAG problem was dissemination against soft targets and grazing

impacts. The variations in materials and designs therefore were centered

entirely on the projectile body weight and breakband properties after the

production process had been specified. Firing tests were the primary method

of evaluating performance. Testing of materials was also conducted to deter-

mine the effects of process changes.

Since the RAG launcher was being developed concurrently, the testing

device was subject to change along with the projectile. Some data from

Sting RAG firings are included.

A chronological review of the projectile optimization test program is

presented below:

6/18/74 The Delco Mark IV-6 launcher was fired with 11 grain blanks*

(210-220 fps) at 40 meters. The projectiles were of the revised xm-742

design, molded in steel molds and hand banded at 19 wraps/inch with plain

Elvace& resin 1968, crosslinked three minutes at 3000F. All four shots

curved very badly to the left indicating poor spin coupling to the launcher

cup.

(All test firings were made from a Delco launcher on M16-Al rifle using

standard 5.56rmm blanks loaded with 6-12 grains of Du Pont Ili-SkotO 700X

powder.)

Hi-Skokb powder is a trademark of the Du Pont Company for a particular
powder
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I
6/22/74 To enhance the torquing of the projectile, the inner diam-

eter of the launcher cup was filled with epoxy to form-fit the projectile.

j Of the first nine shots, five were nearly perfect and the others, satisfactory.

Then the launch velocity slcwed perceptibly as the cup began to experience

excessive friction fran deformation.

6/25/74 Additional projectiles were prepared in a similar manner

and fired the same way at Edgewood Arsenal with another launcher without

any epoxy fill of the inner cup. The overall results were very poor. There

were numerous muzzle breaks and powder puffing, and the accuracy was poor.

6/26/74 Six more similar projectiles were fired fran the Mark IV-6

launcher with the epoxy filled cup which had been straightened up and which

had the epoxy sandblasted for better torque caapling with the projectile.

The first five flew well'to the 40 meter target and then the last broke at

launch. The breakage was ascribed to either the projectile banding or pos-

sible interference with the launcher rifling lands.

7/9/74 R. E. Belden of Edgewood Arsenal observed the first machine

banding of projectiles. They were banded at only 11 wraps/inch, air dried

for about four hours and then fired. Eleven out of twelve flew accurately

and disseminated 100. against the hard target at 40 meters and one broke

at launch.

7/31/74 The ro,-nainder of the 11 irap,/inchi projectilea of the previ-

ous test were crosslinked the next day and sa-cd until this retesting.

Every projectile broke on launch. c'learly, there was a brcakband variation

which was the source of the problem. It was know:i that the ultimate strain
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I
of the breakband decreased fram about 3% wet to I-iA% when throughly dried

even though the tensile strength was closely maintained. The strain tol-

erances were considered important to the final projectile/launcher inter-

face design. Since the final launcher and cup were not yet ready no changes

were made.
4

8/7/74 D. Chabot of Delco Electronics brought a new launcher cup to

Remington which fit the projectile better but which was not to the dimensions

agreed upon. Both Sting and Soft RAG steel molded projectiles were wrapped

at 20 wraps/inch, dried overnight and crosslinked as usual. The bodies for

both were the same unfilled NordelS elastamer and the Soft RAG's weighed

28.8 grams. The Sting RAG's were about 3 grams lighter without the payload

package. The 11 grain blank loads fired these at slightly over 210 fps at

40 meters. Seven Sting RAG's and four Soft RAG's were launched and flew

satisfactorily from this launcher. A few shots on a shallow graze angle

with the asphalt yielded mixed results. Some opened with over 50% dissem-

ination and others not at all.

8/13/74 More Soft RAG projectiles were made but with 19 wraps/inch

and fired with 11 grains of powder from a second cup exactly like the last

test. Eight good straight shots resulted at 40 meters with excellent 100%

dissemination against the hard target.

All projectiles to this point had been molded fram unfilled Nordel1

elastomer in steel molds.

9/3/74 At the direction of Edgcwood Arsenal the final projectile

weight was to be increased to 33.5 grams fram the present 29 grams. To

maintain the Soft and Sting RAG projectiles to the same final ballistic
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I
weight, it was decided to fill the Soft RAG Nordel@ elastomer with 17% brass

powder and the Sting RAG with 30%. Work on the epoxy production molds was

nearing completion and it was planned to use them in the further projectile

production together with the steel mold for comparison.

9/18/74 R. E. Belden of Edgewood Arsenal brought another launcher cup,

shaped better but still too small on the I.D. Eight strips of tape were

therefore added to the inner cup portion to fill up the interface. A number

of steel molded projectiles were then fired from the same Mark IV-6 launcher.

Four shots with 11 grains of powder producing velocities over 210 fps

were fired using unfilled NordelS elastomer bodies wrapped 19 wraps/inch.

All flew straight and had 100% dissemination against a hard target. One each

of 17% brass-filled NordelS elastomer wrapped 18, 16, 14, and 12 wraps/inch

were then checked. All flew very well except for a 16 wraps/inch which broke

in flight.

To check soft target dissemination at 40 meters, a steel drum filled

about two thirds with water and capped at each end with a 15-inch diameter

rubber membrane was conceived and checked by Edgewood Arsenal Biophysics

personnel. But this soft target simulator had to be hit within an inch of

the designated impact point to be a valid simulator. Since this was dif-

ficult to do at 40 meters, the simulator was fired at about 10 feet with

only 6 grains of powder. This gave velocities of about 150 fps at the

muzzle, about the same as the normal launch after 40 meters flight.

A precheck of hard target dissemination at these lower velocities was

made at close range with the unfilled NordelG elastomcr, 19 wraps/inch

projectiles. All three projectiles disseminated 100%.
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The soft target simulator was set up in a range where the muzzle

velocity could be measured. Firings were conducted with projectile bodies

without the brass filler and with 17% brass. Firing results were described

below:

* Unfilled Nordel•'ý elastcmer, 19 wraps/inch @ 152 fps--no break or

dissemination

0 Unfilled Nordel'•' elastomer, 19 wraps/inch @ 175 fps--more than 50%

dissemination

* 17% brass-filled, 18 wraps/inch @ 144 fps-partial break and 30%

dissemination

* 17% brass-filled, 16 wraps/inch @ 144 fps--partial break and more

than 50% dissemination

* 17% brass-filled, 14 wraps/inch @ 144 fps--partial break and more

than 50% dissemination

* 17% brass-filled, 12 wraps/inch @ 144 fps--no break, band accor-

dion-wrinkled

* 17% brass-filled, 18 wraps/inch @ 166 fps--broke and more than

75% dissemination

The test was terminated with partial results as the rubber of the simulator

was punctured.

Shortly thereafter EFigewood Arsenal shot a number of projectiles, banded

at different wrap rates, at a specially clothed dummy. No breakage or dis-

semination resulted. It was observed that the breakband was too supple and

not brittle enough.

10/3/74 In order to check the breakband effect on soft target dissem-

a ination a set of 64 projectiles, 17%, brass-filled, was molded in a steel mold.

S___ _ iI
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There were 16 each of 13, 15, 17, 19 wraps/inch. Half were prepared normally

and the other half soaked for 40 hours at 170OF to make sure the bands were

thoroughly dry.

The soft tarS-t simulator was repaired with a thicker rubber supplied

by Edgewood Arsenal. R.E. Belden of Edgewood Arsenal observed and recorded

tI•e test results.

With 6 grains of powder in the blank, velocities around 150 fps were

attained. All projectile types functioned against the simulator with 30 to 100

1 percent dissemination. There was no trend with wrap rate nor difference due to

dryness of the second group. The only difference between the two groups wasI
that the hot soaked projectiles generally took all of the aluminum foil off

the payload package whereas the normal ones left remnants at the heat seal.

Additional grazing tests were made at 215 fps at 5 degrees onto smooth

concrete right into a soft catcher. All 13, 15 and 17 wrapped projectiles

functioned about the same, with approximately 50 to 100 percent dissemination.

The 19 wraps/inch projectile did not disseminate appreciably so the 17 wraps/inch

was selected as the best wrap rate for dissemination and launch survival.

10/4/74 Additional dried 19 wrap/inch projectiles were fired at Edge-

wood Arsenal against a clothed Styrofoam®,cellular plastic, dummy still with

no significant dissemination.

10/5/74 Because the projectile bodies molded in the production epoxy

molds were about .015-.020" smaller in diameter than the steel molded counter-

parts using the 17% brass-filled Nordel® elastomer, the final Soft RAG weight

was around 32.5 grams. Edgewood Arsenal decided that even more ballistic

weight would be desirable (34.5 grams) so the Soft RAG was molded from this

point on with the 30% brass-filled NordelO elastomer. In order to make the

Styrofoam9 cellular plastic is a trademark of the Dow Chemical Company for a
particular cellular plastic.
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I
sting RAG the same weight, the payload cavities were shallowed by 0.075" to

a 0.175" depth.

10/16/74 Consultation with Du Pont resulted in the recommendation that

the EVA breakband binder be catalyzed with Oxalic acid to decrease the normal

4.2 pH to 2.4. This produced better crosslinking and breakband integrity.

10/22/74 Further breakband binder investigation involved the variation

of the percent solids. The plain EVA 1968 is produced as a 50% solids water

emulsion so samples with 40, 30 and 20% were also made with 10, 15 and 20

wraps/inch. In the dry condition there was no difference in the ultimate

strain or tensile strength for the 15 and 20 wrap/inch samples. But wetted

tensile samples showed a definite decrease in strength with decreasing per-

cent solids. It was therefore agreed to stay with thn 50% solids binder for-

mulation.

10/23/74 D. Chabot of Delco brought a prototype of the latest launcher

design for testing. Instead of rifling lands in the barrel, grooves were

introduced and little keys affixed to the launcher cup. This, among other

things, was to insure that there was no projectile/launcher interference on

exiting the muzzle. Unfortunately, the inner cup diameter was still too

small so the first three shots with 11 grains of powder curved very much to

the left indicating poor spin coupling or precession. Eight .007" thick,

3/16" wide strips of tape were placed in the inner cup for a better fit and

the testing continued. The next thrce shots were very good but then got

progressively worse as the cup became tight in the launcher due to key galling

and cup distortion. Also, the projectiles still could not be set in squarely

very easily.
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To check longer range accuracy and projectile/launcher effects, tests

j were made at 90 yards. The flights got progressively slower with larger

left hooks. (Later muzzle velocity measurements showed that the increased

J cup/barrel interference had dropped the velocity from the normal 210-215 fps

to 190-195 fps.)

An important sidenote of this testing for Soft RAG dissemination

arose when two Sting RAG's were deliverately fired into grass for the

first time at Remington Arms--one band came off and the other cracked in

three places. This indicated that Soft RAG grazing dissemination would be

enhanced greatly as the roughness of the target surface increases.

Later R.E. Belden observed some firings into the clothed Styrofoam® cellular

plastic dummy. Low velocity (150 fps) 10 wrap/inch would not survive normal

launch conditions. Some special wrapped combinations of 10 and 20 wraps/inch

on a single projectile were also tested at low velocity with no difference

from the 19 or 24 wrap/inch nominal dissemination.

Then all projectiles began breaking at the normal launch velocity so

the tests were terminated.

10/29/74 Since the final launcher version had slightly increased

spin from previous launchers, it was decided to determine the maximum spin

rate that projectiles could withstand. A number of 30% brass-filled projectiles

were wrapped at 13, 15, 17, and 19 wraps/inch and dried thoroughly for

two hours at 125 0 F to produce the minimum ultimate strain in the range

of 1-1/2 to 2 percent. They were then spun up on a special mandrel attached to the

top shaft of a high speed (10,000 rpm max.) drill press. No projectile break-
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bands broke and, the spins were definitely over 9000 rpm. In fact, repeated

sharp blows werc* required to break the spinning band.

It was th':refore concluded that the muzzle launching failures had to be

due to some dynamic projectile/launcher interaction during the launching ac-

celeration. unfortunately there was no data available at this time on the

fina3 launcher acceleration dynamics, so the problem could not be resolved.

11/1/74 Edgewood Arsenal, in reviewing all of the Soft RAG dissem-

ination data, stated that Soft RAG's with 19 wrap/inch disseminated accept-

ably. Projectiles wrapped to this rate would be acceptable, but only sub-

sequent to verification by Biophysics testing.

11/5/74 Since there was concern over the projectile breakage at

launch, the breakband properties had to be checked more thoroughly. A

number of projectiles were wrapped at 20 wraps/inch, room-dried 24 hours

and then crosslinked three minutes at 300'F. (All EVA binder was catalyzed

from 10/16). Hot aging tests then began at 125 0F. Tensile specimens were

made later by cutting off 10 wraps of breakband right over the payload

cavities to form a 1/2" by 7" strip. The test length was 6".

11/7/74 Edgewood Arsenal's Biophysics testing showed that both 15

and 17 wrap/inch Sting RAG's were causing damage at velocities above the

designated muzzle velocity of 210 fps. Drying the bands thoroughly at

140*F tended to improve the performance.

11/21/74 A trip was made to Delco with M. Miller of Edgcwood Arsenal

to determine the launching survival and flight characteristics of variously

wrapped Sting and Soft ILA;'s in the latest final version launcher. In tests

at Delco, 12.0 grains of puader in the 5.5Cmm blank were employed producing

velocities in the range of 205-210 fps.
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About three dozen 20 wraps/inch Sting RAG projectiles from the first

1000 delivery were fired at 40 and 80 meters. Survival and flight was 100%

successful. At 80 meters, the projectile fired at 2-1/2 degrees elevation

hooked about one meter to the left. With proper sighting a man could easily

be hit at 80 meters. This was much better than the "group" accuracy required

at 60 meters.

An additional three dozen projectiles had been brought with 15, 17, and

19 wraps/inch on Sting and Soft RAG bodies, all projectile bodies were

filled with 30% brass. All projecti'.es were fired and flew exactly the same

as the previous ones. Most projectiles were caught softly by a golf net but
3

a number of Soft RAG's were purposely grazed on the ground. About 50% opened

with 100% dissemination, yielding a very nice cloud of talc. The others did5
not open at all, indicating a strike on a smooth spot on the ground.

I These firing tests were made at Delco during a period of exceptionally

high humidity which increased the yield strain of the breakband appreciably.

As a result, the breakbands performed better, with no ruptures, than they did

in later tests under dryer ambient conditions.

12/4/74 The specimens made on 11/5 were prepared for tensile test-

ing as a part of the continuing examination of the breakband properties.

Before presenting the tensile data shown in Table 3, it should be noted

that ring gauge outer diameter measurements showed no projectile shrinkage

from the initial condition to the 24 days soaking at 125 0 F.
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TABLE 3

Hot Storage Tensile Tests

Time at 125F Break Force Tensile Strength* Ultimate Strain
(Lb./Wrap) (psi) (%)

Initial 2.85 3800 2.08
Initial 3.0 4000 2.28
3 days 2.85 3800 1.6
3 days 3.0 4000 1.7
4 days 2.55 3400 1.6
4 days 2.43 3240 1.5
6 days 3.25 4333 2.0

24 days 2.7 3600 1.55
24 days 2.55 3400 1.5
24 days 2.4 3200 1.35
24 days 2.9 3866 1.75
24 days 2.25 3000 1.3
24 days 2.85 3800 1.6

Clearly the hot aging reduces the ultimate strain from about 2% to the

1h% range. But the larger sample number of the 24-day group shows how much

the data can vary. Plans were laid then to investigate the short time

drying effects in more tests.

12/10-18/74 All activities involved the loading, assembly and wrapping

of the CS-2 loaded projectiles.

1/17/75 Continuing the investigation of the breakband properties it

was thought desirable to check possible process revisions which would insure

that the breakband repeatably had the lowest ultimate strain to improve dis-

semination efficiency. Since the projectiles would be sealed in a clip until

used it was felt that a dry condition could be maintained.

A large number of Sting RAG projectiles were banded at 17 wraps/inch,

the final wrap rate design designation, and processed in various ways as

shown in Table 4 along with the tensile data. In Table 5, average tensile

data is shown for breakbands cured by the normal cycle.

• Tensile Strength is based on a nominal .003" x 1/4" cross section per wrap.
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TABLE 4

I Tensile Tests on Breakbands Cured at various Cycles

Cure Schedule Break Force Tensile Strength* Ultimate strain
I (Lb./Wrap) (psi) (%)

Overnight dry 2.80 3733 1.93
3 min. @ 300F 3.05 4066 1.6

2.75 3666 1.46

Same 3.15 4200 1.61
30 min. @ 125F 2.35 3133 1.38

2.20 2933 1.07

5 hour room dry 2.05 2733 1.01
3 min. @ 300F 2.00 2706 1.03
30 miin. @ 125F 2.20 2933 1.16

I 1 Hour room dry 2.60 3466 1.4
15 min. @ 125F 2.65 3533 1.35
3 min. @ 300F 2.55 3400 1.31

1 Hoor room dry 2.00 2635 1.0

30 min. @ 125F 2.85 3800 1.5
I 3 min. @ 300F 2.00 2640 0.93

1 Hour room dry 1.50 2000 0.66
45 min. @ 125F 1.60 2133 0.93
3 min. @ 300F 1.95 2600 0.98

1 Hour room dry 1.60 2133 0.88
I 60 min. @ 125F 2.10 2840 0.96

3 min. @ 300F 1.75 2333 0.93

Overnight room dry 3.20 4293 1.92
3 miin. @ 300F 3.20 4266 2.05

Same 2.95 3933 1.8
60 min. q 125F 3.00 4040 1.7

Same 3.15 4200 1.73
I 90 min. @ 125F 2.65 3533 1.52

30-60 rain.room dry 2.00 2720 1.05
60 mrin. @ 125r 1.65 2200(misaligned) 0.75
roan cool 2.85 3827 1.21
3 min. @ 300F 3.20 4266 1.31

2.55 3400 1.1
233.30 4400 1.61

• Tensile Strength is based on a nominal cross sectional area of1 10 x 1/4" x 0.003" or .0075 sq. in.

q
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TABLE 4 (Cont'd.)

Cure Schedule Break Force Tensile Strength Ultimate Strain
(Lb./Wrap) (psi) (%)

8 Wraps off 3.15 4216 1.51
Sting RAGs 3.35 4450 1.80
30-60 min.room dry 3.25 4333 1.73
roao cool -one hour 3.25 4333 1.51
3 min. @ 300F 2.90 3866 1.60

3.15 4222 1.58
3.80 5050 1.83
3.85 5116 1.78

Average 3.43 4573 1.67

Obviously the pre-heating of the projectiles right before crosslinking

has a very strong effect on the ultimate strain and tensile strength. In

L fact the marked decrease in the tensile strength is undesirable. After ana-

lyzing the results, it was concluded that starting the projectile at 125OF

instead of room temperature might be producing too much crosslinking thus de-

grading the band. So the test was repeated on 1/27/75 to check the statistics.

Before the crosslinking, though, the projectiles were allowed to return to

room temperature.

This process technique then provided 10w strains in the iA-2% range while

j maintaining the tensile strength at a good high level.

1/31/75 Up to this point, tests at Delco resulted in about 4% muzzle

breakage in the delivered Sting RAG projectiles. A Sting RAG specification

meeting was then held at Edgewood Arsenal. At the conclusion a series of

firing tests were made to check some small modifications of the final launcher

and projectile.

Sting RAG projectiles with 17 wraps/inch were selected from the produc-

tion lots for maximum and minimum diameter to see if wrapping tension could

be causing a difference in the launch and accounting for the high breakage
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rate. Both the large and small diameter projectiles flew slow and dropped

off to the left. Older 20 wrap/inch flew down to the target but were notably

inaccurate. Then the newer 17 wrap/inch pre-heated at 125 0 F before cross-

linking all broke at launch and 2 out of 10 Soft RAG's with 17 wraps/inch

broke at launch.

More projectiles were fired and caught in a muslin cloth. All bands

broke in sane manner. Projectiles were also tested concurrently out at Delco

with similar results.

2/4/75 Edgewood Arsenal reported projectile distortion being observed

in some of the high speed movies taken previously. It was thought that pos-

sibly sane variation in the banding tension during the wrapping process could

be causing this. It was found that the guide roller on the wrapping machine

had been reversed to keep it from spinning during the banding operation to

prevent tissue flipping. This was found to indeed be causing more tension

variations, resulting in smaller projectile diameters, especially on the first

two of the six projectiles being banded. At the start the guide was dry and

somewhat sticky from the previous wrapping, so at start-up the tissue sees a

larger drag force until the guide is wetted again. This procedure was im-

mediately corrected so it was a free running guide.

2/5/75 To study further the breakband breakage problem, i dgewood Arsenal

directed that a test matrix of Sting RAG projectiles of all possible process

variations be fabricated. In addition, a number of projectiles was made with

a strip of aluminum foil under the banding and some with a 5/8 wide strip of

1/32" thick polyethylene foan to detennine if this could reduce this problem

since fewer breaks resulted with the Soft WOAC projectiles.

4
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2/7/75 Delco test fired 60 of the final 17 wrap/inch Sting RAG design

and had 100% failure by band breakage.

2/7/75 Every aspect of the FAG body and banding was then reinvestigated.

It was suspected possibly that the rubber body properties might be differing

so tensile tests were set up to find out. Bodies were screened for Shore "A"

durometer until samples with 39, 34 and 35 were found. As durcmeter went

from 32 to 35 the relative modulus of the bodies increased approximately 100%.

Either there was a variation in the rubber itself or in the cure. The latter

was determined to be the problem, and low durometer bodies could be stiffened

by added exposure to heat. The number of projectiles in the Sting RAG test

matrix was therefore doubled by repeating all conditions with bodies that

were post-cured one hour at 300 0 F.

2/12-13/75 The Sting RAG test matrix firings began at Edgewood Arsenal.

(Figure 31 shows a copy of the test matrix for reference) Every shot of the

first run through was recorded on both high and low speed film, the velocity

monitored and even the accuracy by noting the strike position on a large

gridded target right behind a golf net catcher.

No projectiles survived without breaking until the ones with aluminum

and foam underlays were tested. Then there was either no break or entire

breakage in flight.

After discussing the situation at length it was suggested that the

weather was very cold and dry so the projectile breakbands could be drying

out. This would make them more brittle. Six normal 17 wrap/inch projectiles

were humidified at room temperature overnight and fired the next day. All

flew well with no breaks.....but the ultimate strain was later measured to

be about 3% instead of 1'% of the average. This, of course, would be
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detrimental to Soft RAG soft target dissemination.

I Obviously, the larger strain of the breakband was more forgiving of

the launch dynamics and could survive. From the high speed movies of firing

tests three distinct sources of breakband failure were apparent: inadequate

j inner cup support for the projectile, sticking of the projectile to the inner

cup, and too much of tolerance gap between the projectile and the outer cup

support.

At this point the remedy for the projectile/launcher failure is strictly

up to the Sting RAG system contractor. The Soft RAG funds were almost ex-

pended so only this report could be written after a final week of Soft RAG

production to provide Edgewood Arsenal with demonstration projectiles.

whatever action is taken to correct the system for successful Sting RAG

performance, it will have to be reviewed later with respect to the needs of

the Soft RAG.
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I
FUTURE WORK

Any modification of the XM-742 Soft RAG projectile will necessarily

have to await the large scale system testing results with the current con-

figuration. This largely is dependent on the availability of the XM-234

launcher with stablized performance characteristics that will reliably

launch the RAG projectile. At this point, there is no functional design

change that should be recommended. If the projectile can be smoothly ac-

celerated and released from the launcher, the flight accuracy and dis-

semination will be satisfactory for a riot control system.

The production of much larger quantities of projectiles for the con-

tinued engineering development phase of the Soft RAG will require expan-

sion and further development of the three manufacturing areas: the body,

the package and the breakband. while the detailed recommendations have

been already presented the general activities are summarized below.

The Body

- Finalize the material selection and densification means with

respect to functionality in the projectile, processibility

and availability.

- on the basis of the required production schedules determine

the best production system: injection molding, multiple

press transfer molding or multiple mold single transfer mold-

ing as was used in this program. Besides capital needs and

economic considerations the precise geometry and weight re-

quirements of the RAG projectile have to be strongly included.

- Develop the mold design further to enhance repeatability and

reliability especially by the introduction of several unbiased

outside opinions.
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- If synthetic non-metal molds are selected then develop their

fabrication process using the information gathered in this

program. But whatever the process, the complexity of the RAG

part will require close attention to be paid to the economies of

the tooling method.

The Package

- A complete reconstruction of the packaging machine is required

to produce packages reliably.

- Modifications of the components should be made as follows:

* Improve the heater control and uniformity.

o Make the mold wheel a continuous series of cavities

with no interruptions and introduce overall temperature

control for long term stable operation.

"* Determine the vacuum controls which will insure the

deep draw uniformity in the cavities.

"* Suspend the loading hopper so it can be readily adjusted

and provide cut-off close to the filling end.

"o Provide the heat seal with a direct synchronized drive

to the mold wheel, possibly widening it to eliminate

residue agent on the'package surface.

"* Provide independently adjustable width cutters.

- Redesign the machine frame, component disposition, drives, con-

trols and accesses with respect to the containment requirements

of the CS-2 agents. Depending on the projected residue antici-

pated in the revised design, special attention needs to be paid

to all bearing and sliding surface seals.
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- A package length cutter has to be introduced somewhere in the

- production operation, possibly before the assembly staticn.

The detailed operating procedure including maintenance, mate-

rial handling and scrap removal must be laid out as a basis

for design revision and overall work area specification.

The Breakband

- The present machine can steadily produce 180 projectiles/hour

and maybe more with adequate supply fixturing so it would suf-

fice as is for quite some time.

- Larger production could be obtained by either enlarging and

speeding up the present design or simply replicating it.

- There is much latitude in how the whole banding process can

be set up, and how much it has to be automated. The production

econcmies have to be established for both Soft and Sting RAG

projectile needs.

- Breakband binder crosslinking needs to be done under very con-

trolled time-temperature conditions when CS-2 is being loaded.

Since there is a possibility that the Soft RAG will be loaded with other

simulants or payloads than the CS-2 agent, the compatibility of these mate-

rials with the present manufacturing process will have to be included in a

total production scheme. Further, Sting RAG production may also be ulti-

mately combined with the Soft RAG so it also should be considered.

The containment and handling of the CS-2 agent demands a very careful,

detailed production layout which accounts for all contingencies.
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I
APPENDIX

XM-742 LOADING CLIP

"The Soft RAG loading clip was simply fabricated from aluminum tubing

and polyethylene exactly as proposed in the experimental development pro-

gram and described the final report.* The design is shown in Figure 32.

while aluminum tubing was acquired to produce 10 prototypes it was antic-

ipated that a laminated paper material would eventually be custom made to

the required dimensions and material property specifications.

One prototype was made and determined to function correctly. It was

given to Edgewood Arsenal for appraisal.

Since another loading clip concept was selected, Edgewood Arsenal

directed a termination to all activities in this area.

Kenneth W. Misevich, "Design Study for Soft RAG Projectile,"Rrnington Arms

Conpany, Incorporated, (AB 74-3), Bridgeport, Connecticut. (Work was sup-
ported and monitored by the U.S. Army, Edeewood Arsenal, Maryland, under
Contract No. D71AAI5-73-C-O047.)
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FIGURE 31

STItI RAPC TI"ST JITPIX

'12 PPPJECTILES EPCH COIDITION: SIX PPODUCION B 1'.IES
(210 TOML IN TEST) SIX PEODt'CTION UCDIES POST-CURED ONE HOUR 0 3007

(DENOTED BY LETTER "Cit)

"o ALL .ANDINGS COT;S0LID.•TED PFTLRI WnAPPING ONLY ON NOSE IND TPIL, NOT CAVITIES.

o ALL PJOJECTILES ChOSSLIMMED 3 X.IN. 6 300F FROM ROOM TE!PERPTUP?. (12 at a time)

General
Wrap Condition Wrap Wrap Test
Secuence tNx-ber Cat~yst. Rpte Pre-?rap Ten--on Band Dry Results

2,2 1 NO 17 NO NO.M AL OVERNITE

7 3, 2 NO 17 NO NORMAL FOUR HPURS

5,6 3 NO 17 NO NORMAL 1 HR. C 125F

7,8 h. NO 20 NO NORIAL OVEMJNITE

9,10 5 NO 20 NO NORM.L FOUR HOU!RS

11,12 6 Y;o 20 NO NORM1.L i HR. a 1257F

33,*3 7 YES 17 NO TIGHTIl OVERN'ITE

25,26 8 YES 20 NO TIGHT OVERITE

35,36 9 YES 17 NO NORMAL 0 L OVEMI TE

15,16 10 - YES 17 NO NORIAL FOUR II;OZRS

17,18 11 YES 17 NO NORI*IIL 1 HR. Q 125_"

27, 28 12 YES 20 .O NORIVL OVLFi:ITE

13,31a 13 E 20 NO NORMINL FOUR HOLRS

21,22 14 YES 20 NO NORI'U1L I HR. 0 125_

37,•38 15 YES 17 AIU;. 2  NOI1t L OVE?°JIITE

19,20 16 YES. 17 A.M. INORM.L 1 HR. 0 125F

29,30 17 YES 20 ALUM). NO1IMVL OVErMIITE

23,2h 18 YES 20 A.M. NORF.A L 1 HR. a 1257"

39,P O 19 Y"t 17 FOp'y,3  NOM1l0L OVEMIhTE

31,32 20 YES 20 FOf14 NOPU:L OVEFJUITE

"1 - ttr~it' ieane fndo roller on btr.elin reachlro Is locked no band must 81Lt~e.
2 -"ii." 15 .IsC0025 Y. 1 X (S in. lum inL1f oll W'r•II'rd over crvities rnd c(-rnt trc):e0.

- "Foom" in 1/16 X 21/13 X "Ij in. polyethylt,,- foa:t over csvitien, held with .11" type
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